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N 1937 and 1938 the author and his colleagues published two papers 
(1, 2) in which they described the clinical findings of 7 patients with a 
bizarre syndrome characterized by “osteitis fibrosa disseminata, areas of 
pigmentation, and precocious puberty in females.” Since that time some 
authors (3, 4, 5, 6) have been so flattering to the present author as to publish 
similar cases under the heading of ‘‘Albright’s Syndrome’”’; others (7, 8) 
have questioned the entity of the syndrome. It is the purpose of this paper 
to defend the entity; a few words pertaining to terminology will be added. 
For the time being let us call the condition under discussion, ‘“‘Syn- 
drome X.” 


Is Syndrome X a Form of Lipoid Granulomatosis? 


Snapper (7) feels that Syndrome X is a form of Hand-Schiiller-Chris- 
tian’s Disease (xanthomatosis) which he prefers to call “lipoid granulo- 
matosis’’ and which is closely akin to, if not identical with, eosinophilic 
granulomatosis. He points out that, whereas the classical case of lipoid 
granulomatosis is characterized by multiple round defects in the skull, 
exophthalmos, diabetes insipidus, and other pituitary signs, there need be 
- no cranial or hypophyseal localization; he states that it is in such cases 
that the condition ‘is usually not recognized and goes under a different 
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name.” At this point he cites the cases described by the author. To be sure, 
in the summary he is less dogmatic when he states that “‘it seems reason- 
able to conclude that at least part of the cases of osteitis fibrosa dissem- 
inata ... may well belong to the group of lipoid granulomatosis of the 
bones without cranial hypophyseal localization. ... ”’ 

Snapper leaves the reader with the impression that the author and his 
colleagues separated the condition under discussion from lipoid granulo- 
matosis for two reasons only, the lack of hypercholesterolemia and the 
failure of bone biopsies to show any tissue abnormalities other than 
osteitis fibrosa. As a matter of fact these two arguments, while definitely 
of some importance, bear less weight than several others, one of which was 
emphasized in the original article. 

The arguments against Syndrome X being a form of lipoid granulo- 
matosis will now be discussed one by one. 

The finding of a normal blood cholesterol level does not rule out a 
disorder of cholesterol metabolism, but it is perhaps some evidence in that 
direction; however, it is certainly consistent with the findings in many 
cases of undoubted lipoid granulomatosis. 

Bone biopsies were obtained on six of the author’s first seven cases; in 
no instance was xanthomatosis found. Snapper makes a point of the fact 
that the biopsies were not taken from new lesions; indeed, he makes it ap- 
pear that the very oldest lesions were purposely selected for the biopsies. 
Thus he states that their ““Case 2 had been complaining about her right hip 
for 29 years . . . and that a biopsy was done on the oldest lesion in the crest 
of the ilium.”’ The facts as published were that this patient, a housewife of 
35, had been having pain in the right hip for 29 years; that the biopsy was 
taken from the crest of the ilium; that nothing was said about, and that 
there was no way of telling which was, the “oldest lesion in the crest of 
the ilium.”’ As a matter of fact, one of the better arguments why Syndrome 
X is not a form of xanthomatosis is closely connected with the very good 
reason why biopsies were not taken from new lesions; it is one of the char- 
acteristics of this disease, in contrast to lipoid granulomatosis, that there 
seldom are new lesions. Of all the cases the author has seen, only his Case 
3 showed any tendency of the bone lesions to progress. This important 
evidence from the hone biopsies can now be supplemented by a complete 
autopsy on our Case 3 (1) performed by Dr. H. Edward MacMahon (9); 
in spite of many sections of the bone lesions, this investigator could find 
only two nests of foam cells and felt that xanthomatosis was definitely 
ruled out. Sternberg and Joseph (10) came to the same conclusion from a 
complete autopsy performed on the case previously reported by McCune ~ 


and Bruch (11). 
As suggested in the first publication (1), the segmental distribution of the 
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bone and skin lesions is perhaps the strongest evidence against the etiology 
being a disorder of metabolism such as xanthomatosis. Thus, the author’s 
Case 5 (1) had involvement of all the metacarpal and phalangeal bones 
of the left hand except for the three phalangeal bones of the index finger 
and the corresponding metacarpal bone, all four of which entirely escaped; 
_none of the bones of the right hand was involved. It is not characteristic of a 
metabolic disease to stop in the midline or to run down one extremity and 
not the other; such is certainly not the case in instances of undoubted 
lipoid granulomatosis. 
When one turns to the x-ray appearance of the bone lesions themselves, 
one finds many points of difference. In Syndrome X one finds not only 
bone destruction but areas where there is increased density of bone; in 


Fig. 1. Eosinophilic granuloma of skull. Note circumscribed, punched-out areas 
(arrows) and complete absence of any increased bone formation (compare with Figure 2.) 
The details of this case were published by Thannhauser (28). (S. S., girl, age 43.) 


lipoid granulomatosis one finds only bone destruction. Whereas the author 
agrees with Snapper that lipoid granulomatosis need not involve the skull, 
in many cases of Syndrome X the skull is involved and, when it is, the 
lesions by x-ray are not at all like those in lipoid granulomatosis; instead 
of the sharply circumscribed punched-out holes, one finds, along with bone 
destruction, marked over-growth and thickening of the bone, an appear- 
ance not too unlike that seen in Paget’s Disease (compare Fig. 1 with Fig. 2). 

Another striking difference lies in the response to x-ray therapy; lipoid 
granulomatosis is very radio-sensitive; Syndrome X is radio-resistant. 

The areas of cutaneous and buccal pigmentation which are such a strik- 
ing feature of full-blown cases of Syndrome X are not characteristic of lipoid 
granulomatosis. 
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Finally, in Syndrome X, as in other conditions where the osteoblasts are 
hyperactive (osteitis fibrosa generalisata, osteitis deformans, etc.), the 
serum alkaline phosphatase level tends to be high; such is not the case in 
lipoid granulomatosis. As in osteitis deformans and probably in any condi- 


Fie. 2. Skulls of three patients with Syndrome X. Note marked increased density at 
bases of skulls in A and B and characteristic overgrowth of bone in occipital region 
in C. 
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tion where the osteoblasts are hyperactive, one would anticipate that a 
certain percentage of cases with Syndrome X would develop sarcoma. The 
fact that the girl of 10 with “several small brown naevi’’ and precocious 
puberty reported by Snapper and Parisel (29) subsequently died of sarcoma 
is in the author’s opinion some evidence in favor of an etiology other than 
lipoid granulomatosis. ‘ 


Is Syndrome X a Form of Neurofibromatosis of von Recklinghausen? 


Since both Syndrome X and neurofibromatosis have bone lesions and 
areas of pigmentation, the question naturally arose, and still arises in the 
minds of some, whether they are not one and the same condition. Thann- 
hauser (8), after a careful and scholarly study, has been unable to con- 
vince himself that they are separate entities; he even is not sure that the 
usual court of appeal, the pathologist, can distinguish them (vide infra). 

If one grants for the moment that they are two separate entities, as the 
author firmly believes, in any case one would expect the literature of 
either one to contain misdiagnosed examples of the other. Thus the mere 
fact that a case in the literature diagnosed as one of the conditions had such 
and such findings is no proof that these findings are characteristic of the 
condition diagnosed. For example, before writing his first article the author 
combed the neurofibromatosis literature to find examples of Syndrome X; 
in this way was found, among the 35 cases of neurofibromatosis recorded 
by Stalmann (12), a typical example of Syndrome X (Stalmann’s case 3), 
a female patient with precocious puberty and without cutaneous neuro- 
fibromata. One might cite this case, if one were not careful, as evidence that 
precocious puberty in females is a feature of neurofibromatosis. 

To convince oneself that one is dealing with two conditions, all that is 
necessary is to select one feature fongach condition which is common and 
pathognomonic of the condition and then see whether any cases can be 
found which exhibit the common-and-pathognomonic-features of both 
conditions. The author does not imply that any case which does not present 
the ‘‘ccommon-and-pathognomonic-feature”’ is not suffering from the con- 
dition in question. ; 

For the “common-and-pathognomonic-feature”’ of neurofibromatosis 
the author will select multiple cutaneous neurofibromata. Certainly most 
classical cases of neurofibromatosis contain such. 

Before the feature selected for the common-and-pathognomonic one for 
Syndrome X is mentioned, it might be well to say a word about the bone 
lesions in neurofibromatosis. These in the author’s opinion, based on his 
own experience and a review of the literature, consist of relatively few 
lesions. There are certain points of predilection, the commonest being the 
lower end of the femur and the upper end of the tibia (see Fig. 3). These 
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Fic. 3. Three cases of neurofibromatosis. These illustrate the marked tendency for 
the bone lesions to occur in the lower ends of the femora and the upper ends of the tibiae. 
In C note symmetrical lesions in upper ends of both tibiae and similar lesion in lower end 
of right femur; note in lateral view of right femur that lesion is from without in. B., 
kindly furnished by Dr. L. W. Gorham of Albany (C. W. L. 11 year old girl with neuro- 
fibromatosis previously reported by Gorham, Campbell, Howard and Donhauser (4)). 
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may represent points of entry for the nerves into the bone. The bone 
lesions themselves are exactly what one would expect if bone were en- 
croached upon by a tumor of any kind, namely, sharply circumscribed 
areas of bone destruction with very little, if any, evidence of new bone 
formation. The cortex, to be sure, can be expanded by such a tumor just 
as it can be by a bone cyst. Most lesions can be demonstrated by suitable 


Fig. 4. Syndrome X. Note complete absence of lesions in left hand and extensive 
involvement of right hand; note fourth and fifth fingers of left hand escaped involve- 
ment; note that all the carpal bones of the right hand are involved, a somewhat unusual 
finding in this disease. (J.R., age 13.) 


x-rays to arise-from without, and to extend into the bone, rather than vice 
versa (see Fig. 3 C). The author is aware of no indisputable case of neuro- 
fibromatosis with very.extensive bone involvement such as that of all the 
phalanges and metacarpal bones of a hand, or that of the entire skull in- 
cluding the base (see Figs. 2 and 4). 

In contrast to the above, the bone lesions in Syndrome X in many 
instances are widespread; they usually show evidence of marked over- 
growth of bone as well as bone destruction; and they commonly involve 
large areas of the skull including the base. Therefore, the author will select, 
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as the “common-and-pathognomonic-feature’’ of Syndrome X, extensive 
bone lesions in which overgrowth of bone, as well as bone destruction, is a 
prominent feature. 

The author is aware of no case which presented the ‘‘common-and- 
pathognomonic-features” of both conditions. Certainly the eight cases 
which he and his colleagues reported (1, 2) and the many cases of Syndrome 
X which he has seen subsequently failed to show multiple cutaneous 
neurofibromata; certainly a not inconsiderable number of cases of neuro- 
fibromatosis which he has studied failed to show extensive bone lesions in 
which overgrowth of the bone was a prominent feature. 

Thannhauser cites a series of cases (13 in all) with neurofibromatosis 
associated with osteitis fibrosa disseminata. An examination of this ma- 
_ terial shows that this association is very questionable. 

Thus, the first 2 cases mentioned were published by Gould (13) (Gould’s 
cases 1 and 4). They both had multiple cutaneous neurofibromata but the 
skeletal lesions were those of neither Syndrome X nor neurofibromatosis; 
both patients, as Gould pointed out and as the photomicrograph on Case 1 
showed, had osteomalacia. The cause of the osteomalacia in the first case 
was probably renal acidosis as red granular kidneys were found at autopsy, 
and as a certain type of renal acidosis will cause osteomalacia (21); the 
cause of the osteomalacia in the second case was probably dietary as the 
patient died of extensive pulmonary tuberculosis. 

Case 3 concerns a boy of 23 reported by Cohen and Douady (14) and 
previously reported by Leriche and Jung (15). The diagnosis of neuro- 
fibromatosis was beyond question; he had a multitude of cutaneous neuro- 
fibromata. The bone lesions were discovered accidentally when an x-ray 
was taken for an acute traumatic lesion of the right knee; this revealed a 
circumscribed ‘‘cyst”’ in the lower end of the right femur and another one 
at the upper end of the right tibia. The location and x-ray appearance of 
these cysts were absolutely characteristic of neurofibromatosis (vide supra) ; 
furthermore, an x-ray of his other knee revealed a similar ‘‘cyst’’ in the 
upper end of the left tibia. The case must be considered as neurofibro- 
matosis with little to suggest Syndrome X. 

Case 4 was a man of 36 years reported by Pagniez, Plichet and Fauvet 
(16). The evidence for Syndrome X was excellent: bone symptoms since 
the age of 3, widespread skeletal lesions confined. to right side, areas of 
cutaneous pigmentation, and a high serum phosphatase level. However, 
there were only ‘‘deux petits mollusca”’ in addition to the cutaneous pig- 
mentation to support the diagnosis of neurofibromatosis. The authors 
themselves thought that in the absence of fibromata the diagnosis of 
neurofibromatosis could not be retained. 

Case 5, that of Mariante and Maciel (17), was finally dismissed by 
Thannhauser himself in a footnote wherein he stated that the bone lesions 
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would be better designated as “‘neurofibromatosis with bone cysts than 
osteitis fibrosa cystica disseminata.”’ 

Cases 6 through 10 are the five cases reported by Stalmann (12), that 
author’s cases 2, 3, 4, 23 and 28. Case 6, (Stalmann’s case 2), with a 
family history of neurofibromatosis and with cutaneous pigmentation and 
neurofibromata, undoubtedly had neurofibromatosis; from the data pub- 
lished it is impossible to diagnose the bone condition; there was a lesion of 
the right femur at the age of 2 which led to an inequality in the length of 
the legs and hence to marked scoliosis; there was also a lesion in the head 
of the right tibia; the localization of these lesions is most suggestive of 
neurofibromatosis (vide supra) but on the data available Syndrome X can- 
not be ruled out. Case 7 (Stalmann’s case 3) was already mentioned above: 
a typical case of Syndrome X with nothing to suggest neurofibromatosis. 
Case 8 (Stalmann’s case 4), a 35 year old female patient, had no cutaneous 
neurofibromata, but some small areas of pigmentation in the skin; she 
suffered from softening of the spinal column and of both femurs. The 
clinical diagnosis was osteomalacia and the x-rays of the pelvis showed 
typical findings of osteomalacia including “‘loosersche aufhellungszonen.” 
There is little reason to believe that this case had either neurofibromatosis 
or osteitis fibrosa disseminata. Case 9 (Stalmann’s case 23) had no cutane- 
ous neurofibromata, in spite of a family history of neurofibromatosis; 
she menstruated at the age of 9; the bone lesions, which included in- 
volvement of the skull, strongly suggested Syndrome X. I am inclined to 
discount the family history and consider this case an example of Syndrome 
X without definite evidence of neurofibromatosis. Case 10 (Stalmann’s 
case 28), a boy of 4, had no cutaneous neurofibromata; he, as well as his 
father, had specks of brownish pigmentation, probably freckles (‘“‘braune 
Flecke’’); he was born with a deformity of the right tibia, the nature of 
which it is impossible to determine from the data given. I see little reason 
to believe that the patient had either neurofibromatosis or Syndrome X. 

Case 11 (Case 1 reported by Uhlmann and Grossman (18)) was a classical 
case of neurofibromatosis with cutaneous neurofibromatosis and areas of 
pigmentation. There was only one bone lesion; this was in the right 
mandible; a histological section showed unmistakable neurofibroma. There 
was no reason to consider Syndrome X in differential diagnosis. 

Case 12, a female of 47 reported by Ashton (19), probably did have 
neurofibromatosis with multiple cutaneous neurofibromata and “blotchy 
pigmentation . . . on the abdomen and chest, and in the form of freckles on 
the legs and arms.’’ The bone manifestations of relatively short duration 
were probably Milkman’s disease (20), a form of osteomalacia (21). She 
had symmetrical fractures of both femoral necks and the author described 
three types of rarefaction but failed to mention any overgrowth of bone. 

Case 13, a female of 72 with acromegaly reported by Merklen and Israel 
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(22), like so many patients with this condition, did have many of the 
manifestations of neurofibromatosis (multiple cutaneous nodules and areas 
of pigmentation) ; however the description of the bone lesions is too inade- 
quate for one to make a diagnosis. There was a marked kyphoscoliosis as 
one often sees in acromegaly, a slight involvement of the bones of the skull, 
a rarefaction of certain bones of the extremities, particularly of the right 
- radius. There was a subcortical cyst in the latter bone with a fracture 
through it and a periosteal reaction in the region of the fracture. The author 
cannot rule out osteitis fibrosa disseminata from this evidence nor, how- 
ever, can he rule it in. 

So much for these 13 cases in which the two conditions were thought by 
Thannhauser to co-exist. In my opinion 6 had neurofibromatosis without 
evidence of Syndrome X, three of these six having osteomalacia as well; 
three cases had Syndrome X without evidence of neurofibromatosis; two 
cases had neither Syndrome X nor neurofibromatosis, one of the two hav- 
ing osteomalacia and the other probably osteogenesis imperfecta; the 
remaining two cases had neurofibromatosis combined with a bone disease 
in which the description was too inadequate to allow an accurate diagnosis. 

There are several reasons to believe that Syndrome X is not a form of 
neurofibromatosis other than the fact that cases cannot be found contain- 
ing the above mentioned ‘‘common-and-pathognomonic-features”’ of both 
conditions. 

For one thing, neurofibromatosis has a strong hereditary tendency; so 
far Syndrome X, to my knowledge, has not been found to run in families. 

A common feature of Syndrome X, but not of neurofibromatosis, is 
sexual-precocity-in-females. This interesting feature perhaps warrants a 
short digression. 

In the author’s opinion the onset of puberty is the result of the release 
of gonadotropic hormone or hormones from the anterior pituitary; this 
release in turn is due to stimuli coming over the hypothalamic-pituitary 
nervous pathway. By ‘‘true precocity”’ the author means the early release 
of gonadotropic hormone or hormones due to some disturbance in the 
hypothalamus. This is to be differentiated from precocity secondary to 
some functioning adenoma of a gland which produces a gonadal or gonadal- 
like hormone, e.g. granulosa cell tumor of the ovary producing estrin, an 
adrenal cortical tumor producing androgen, etc. According to this defini- 
tion the precocity in Syndrome X is a true precocity. Thus case 2 in the 
author’s series (1) had her first catamenia during her first year of life, 
and was still having periods at the age of 39; in spite of this she had been 
able to have children. To be sure, at the autopsy in the author’s case 
3 (1), Dr. H. Edward MacMahon found no evidence that ovulation had 
ever occurred, and Sternberg and Joseph (10) reported similar findings in 
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their case; therefore, if these two cases are to be considered as examples of 
true precocity one must exclude ovulation as a sine qua non for true pre- 
cocity and apply the term to any precocity which is mediated through the 
hypothalamus. The prognostication made by the author and his colleagues 
that the cause of the precocity is some lesion in the region of the hypo- 
thalamus received support from the above-mentioned autopsy by Dr. H. 
Edward MacMahon. This patient, who had had her first menstrual period 
before the age of 1, showed a marked diminution in size of one mammillary 
body and an accessory nucleus in the adjacent tissue. On the other hand, 
Sternberg and Joseph (10) failed to find any lesion in the hypothalamus in 
their case but did find marked hyperplasia of the basophile cells of the 
pituitary, which suggests that these cells were being stimulated by some 
influence, possibly a disturbance originating in the hypothalamus. 

There is an alternative explanation suggested by Thannhauser which 
cannot be dismissed. He would explain the precocity on the basis of pres- 
sure on the hypothalamus secondary to the overgrowth of bone at the 
base of the skull. It seems just possible that the changes in the mammillary 
body found at autopsy in our case 3 |(vide supra) might be the result 
of long-standing pressure on this region. With the exception of our case 
2, who had marked precocity but no definite thickening at the base. 
of the skull by x-ray, it does seem that most of the cases of precocity did 
have considerable thickening at the base of the skull. 

It is interesting that no case of Syndrome X with marked sexual 
precocity has been described in the male. Furthermore, tumors in the 
region of the pineal body cause precocity only in males,—the so-called 
“pineal syndrome.”’ Apparently the mechanism which releases puberty in 
the male is different from that which releases it in the female. The author 
and his colleagues in their first publication (1) attempted to explain this 
discrepancy between males and females on the ground that the luteinizing 
hormone of the anterior pituitary leads to androgen formation whereas the 
follicle-stimulating-hormone leads to estrin formation. It seemed possible. 
that, because of some hypothalamic disturbance in Syndrome X, there 
was a precocious production of follicle-stimulating-hormone but not of 
luteinizing hormone; perhaps in keeping with this hypothesis are the 
autopsy findings cited above of complete absence of any evidence of recent 
or old corpora lutea, since these bodies require for their production luteiniz- 
ing hormone. 

Thannhauser (8) makes an important point of the fact that he found 
four cases of neurofibromatosis combined with precocious puberty. How- 
ever, three of these cases occurred in males and so can not be considered as 
evidence for a similarity between neurofibromatosis and Syndrome X. The 
fourth case, reported by deVries (23), was a girl with somatic and sexual 
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precocity who had her first period at the age of 9 and who clinically showed 
evidence of a pituitary tumor. There were no bone lesions. The evidence for 
neurofibromatosis rested on a few areas of brownish pigmentation and one 
neurofibroma of the skin of the foot. 


Fie 5, Syndrome X: bone biopsy. A. Note fibrosis (¢), many osteoblasts (b), and many 
osteoclasts (a); note furthermore, that trabeculae (d) do not show mosaic structure 
characteristic of Paget’s disease. B. Note island of cartilage (f). 


Thannhauser believes that the histology of the bone lesions of neuro- 
fibromatosis and of Syndrome X may be indistinguishable. He points out 
that both may show dense cellular tissue, with or without whorls. The 
author grants that they may be indistinguishable if in a case of Syndrome 
X one selects an area in the center away from bone and compares it with a 
section from a neurofibroma. However, in Syndrome X one seldom finds a 
sizeable biopsy which does not contain some evidence of bone formation; 
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in neurofibromatosis of bone on the other hand one frequently does. If one 
takes a section through an area where bone is still present, there can be no 
question as to the diagnosis (compare Fig. 5 with Fig. 6). Furthermore, as 
pointed out by the author and his colleagues in their first publication (1), 
in Syndrome X one not infrequently finds areas of cartilage some of which 


Fic. 6. Neurofibromatosis: bone biopsy. Note bone trabeculae (a), foam cells (b), 
and whorls (c). Foam cells are found in neurofibromatosis and probably represent de- 
generative changes. Photomicrograph was kindly furnished by Dr. Benjamin Castle- 
man and pertains to the same lesion as x-ray shown in Figure 3 (A). 


almost certainly are derived from the epiphyseal cartilage (see Fig. 5 and 
Fig. 7). 

What about the areas of pigmentation? The author believes that in nine 
cases out of ten even these are different in the two conditions. In Syndrome 
X the areas have an irregular outline like the coast of Maine, whereas in 
neurofibromatosis the outline is more reminiscent of the coast of California 
(see Fig. 8). To be sure the author has seen one case of undoubted neuro- 
fibromatosis with areas of pigmentation very similar to those seen in 
Syndrome X. 

A final point of difference is the not infrequent occurrence of ele- 
phantiasis in neurofibromatosis, whereas this condition has not yet been 
reported in Syndrome X. 
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WANTED: A NAME 


The author, having satisfied himself and, he hopes, the reader, that the 
syndrome under discussion is an entity, again opens the question as to 
what to call it. A satisfactory answer to this question has not been found 
in the past, nor is one forthcoming now. Since the etiology of the syndrome 
remains quite obscure, the author and his colleagues, Drs. Allan M. Butler, 


Fic. 7. Syndrome X. X-ray of the forearm to show that some bone lesions may be the 
result of a dyschondroplasia. Note marked irregularity of epiphyseal cartilage at A 
which strongly suggests that islands of cartilage are being incorporated in the diaphysis. 
B. represents such an island. 


Aubrey O. Hampton and Patricia Smith in their first publication used the 
descriptive designation, “Osteitis Fibrosa Disseminata with Areas of 
Cutaneous Pigmentation and an Endocrine Dysfunction with Precocious 
Puberty in Females.” Because of the unwieldiness of this terminology and 
because A precedes B, H. and S. in the alphabet and probably for no other 
reason the term, Albright’s Syndrome, came into being. 

The use of a person’s name for the designation of a syndrome has objec- 
tions, the chief one being that no one can decide whose name to use. One 
can always go to the literature and find some preceding reference to a case 
which in all likelihood had the syndrome in question. Often each language 
produces its own ‘“‘first’’ describer. In this connection the present author, 
a number of years ago, ran into a rather amusing state of affairs. The 
question as to the terminology of Syndrome X had come up and he 
thought it would be of interest to look over vonRecklinghausen’s original 
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1891 monograph, which includes the description of a number of different 
bone conditions, to see whether by any chance a case with Syndrome X 
had been described. It turned out that one and probably two of the 3 
famous cases in the monograph (cases 5, 6 and 7), which had been con- 
sidered as examples of osteitis fibrosa generalisata and hence of hyper- 
parathyroidism, most surely had not been afflicted with hyperparathyroid- 
ism but with Syndrome X. Fortunately, as the present author pointed out 
at that time (24), the third case (case 7) in all probability did have hyper- 


Fig. 8. Pigmentation in neurofibromatosis compared to that in Syndrome X. Note 
“coast-of-Maine” contour of areas of pigmentation in A as opposed to “‘coast-of-Cali- 
fornia” contours in B. Incidentally, note subcutaneous nodules in B and their absence in 
A. (A.—A.K. with Syndrome X; B.—E.G. with neurofibromatosis.) 


parathyroidism; otherwise we would be confronted with the disturbing 
state of affairs that von Recklinghausen had neglected to describe what is 
now known as von Recklinghausen’s disease of bone. It will be seen, there- 
fore, that as far as the bone manifestations of the syndrome are concerned 
von Recklinghausen preceded the author and his colleagues by 46 years. 
Thus there is as much reason to connect von Recklinghausen’s name with 
this bone disease as with osteitis fibrosa generalisata; indeed, since cases 
5 and 6 with osteitis fibrosa disseminata preceded case 7 with osteitis 
fibrosa generalisata, Thannhauser makes the utterly logical, if somewhat 
impractical, suggestion that Syndrome X be designated, ‘‘osteitis fibrosa 
disseminata (von Recklinghausen),’’ and that the name of von Reckling- 
hausen be dropped from osteitis fibrosa generalisata. In other words, he 
would have us stop using von Recklinghausen’s name for the bone disease 
which we have learned to associate with it and apply it to another disease; 
furthermore he would put into the mouth of von Recklinghausen, dead 
these many years, the term, osteitis fibrosa disseminata, coined by the 
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author and his colleagues. In the end, for those who believe with Thann- 
hauser that Syndrome X and neurofibromatosis are one and the same thing, 
this would lead to a simplification of terminology since there would be 
only one “‘von Recklinghausen’s disease.” 

There is probably one simple way out of the above dilemma. After all, 
the most striking feature of the syndrome is perhaps the bone disease. 
A descriptive name for the bone disease could be found and the whole dis- 
ease could go under this name. This is exactly what is taking place. The 
tendency is to use the name, ‘‘polyostotic fibrous dysplasia,”* suggested 
by Lichtenstein (25), rather than the name, “‘osteitis fibrosa disseminata,”’ 
suggested by the author and his colleagues. The present author has no 
fault to find with this tendency. A case with precocity and cutaneous pig- 
mentation but without evidence of bone lesions such as that described by 
Kurzrok (27) could be designated ‘“‘polyostotic fibrous dysplasia sine 
fibrous dysplasia.” 


SUMMARY 


1. This paper concerns the syndrome which in its complete form is char- 
acterized by 1) a disseminated osteitis fibrosa (both hyper-and-hypo- 
ostotic) with a segmental distribution, 2) areas of cutaneous pigmentation 
which have a distribution suggesting some connection between them and 
the bone lesions, and 3) sexual and somatic precocity when the condition 
occurs in the female. 

2. The author believes this syndrome is not a form of lipoid granulo- 
matosis (xanthomatosis) because: 

a) the blood cholesterol level is not abnormal (a minor piece of evidence); 

b) bone biopsies show “foam cells” only infrequently; 

c) the bone lesions show only a slight tendency to progress, clear up spontaneously, 

and are not radio-sensitive; : 

d) the segmental distr’ bution of the bone and skin lesions is not suggestive of a 

metabolic disorder; 

e) the x-rays show increased bone formation as well as bone destruction; 

f) the areas of cutaneous pigmentation are not characteristic of lipoid granulo- 

matosis; 

g) when the disease is widespread the serum phosphatase level is high; and 

h) sexual-precocity-in-females is not a feature of lipoid granulomatosis. 


3. The author believes this syndrome is not a form of neurofibromatosis 


(von Recklinghausen) because: 


a) he has never seen a case nor found one in the literature where multiple cutaneous 
fibromata, a common-and-pathognomonic-feature of neurofibromatosis, and wide- 
spread bone disease with evidence of increased as well as decreased bone forma- 


* Lichenstein and Jaffe (26) subsequently omitted ‘‘polyostotic” in order to include 
those cases where the condition is confined to one bony lesion and simply called the dis- 
ease “fibrous dysplasia.” 
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tion, a common-and-pathognomonic-feature of the syndrome under discussion, 
were present in the same individual; 

b) the syndrome does not tend to run in families; 

c) sexual-precocity-in-females is not characteristic of neurofibromatosis although 

sexual precocity, especially ‘n males, occasionally occurs because of a neuro- 

fibroma in the region of the hypothalamus (pineal syndrome); 

an autopsy by Dr. H. Edward MacMahon on a patient with the syndrome showed 

as a possible cause of the precocity not a tumor but a lesion in one mammillary 

body; 

e) the bone lesions in neurofibromatosis are not extensive, do not show new bone 
formation, and are confined to certain localities, notably the upper ends of the 
tibias and the lower ends of the femurs; 

f) the areas of cutaneous pigmentation in neurofibromatosis usually have smooth 
edges like the coast of California rather than the irregular edges like the coast of 
Maine which characterize the areas in the syndrome under discussion; 

g) elephantiasis, so common in neurofibromatosis, has not been found in this syn- 
drome. 


4. The terminology is discussed with the conclusion that the condition 


d 


— 


had best be termed “‘polyostotic fibrous dysplasia’”’ as suggested by Lichten- 
stein. 
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THE ACTIVITY OF ARGINASE IN RED 
BLOOD CELLS 


GENEVIEVE C. COVOLO anp RANDOLPH WEST 


From the Department of Medicine, College of Physicians and Surgeons, 
Columbia University, and the Presbyterian Hospital, New York City 


OCHAKIAN (5) found that the red blood cell arginase activity was 
increased in one patient with the adrenogenital syndrome, and 
lowered in two with Addison’s disease. Fraenkel-Conrat, Simpson and 
Evans (2) reported an increase in the activity of liver arginase in hy- 
pophysectomized rats following the administration of 17-hydroxydehydro- 
corticosterone, dehydrocorticosterone, and corticosterone. The present 
paper attempts to obtain additional evidence on these points. 


METHODS 


1. Preparation of laked red blood cells for arginase determination: 
Blood was taken in heparin, 15 ml. for preparation of the standard refer- 
ence curve, and 10 ml. for subsequent determinations. After removal of 3 
ml. for the hemoglobin determination, the remainder was centrifuged in 
6 ml. tubes to obtain the hematocrit. The plasma was discarded and the 
red cells washed once with isotonic saline. The packed cells were then 
diluted to five time their volume with distilled water and shaken occa- 
sionally for 10 minutes to insure complete hemolysis. Aliquots of this 
solution of hemolyzed cells were used in the arginase determinations. 

2. Preparation of the standard reference curve: The following method, 
used for the preparation of a standard reference curve of arginase activity 
from a solution of hemolyzed red cells, is a combination of methods used 
by Hunter and Dauphinee (3) and Hunter and Dowrs (4) and influenced 
by those of Edlbacher and Rothler (1) and Kochakian (6). 

Four 10 ml. volumetric flasks were set up, each containing 2 ml. of 
1.875 per cent arginine-hydrochloride solution at pH 7.0. Four additional 
flasks were set up as controls, containing 2 ml. water. Into each of the 8 
flasks 2 ml. of 0.5 M disodium phosphate solution, pH 8.8, were meas 1. 
Finally, into these arginine and control flasks were placed successively the 
aliquots 0.5, 1.0, 2.0, and 3.0 ml. of the solution of laked cells. Water was 
added to bring the volume in each flask to 8 ml. After being thoroughly 
shaken, the group of 8 flasks was incubated at 37° for 6 hours, at the end 
of which time arginase activity was stopped by placing the flasks in boiling 
water for 5 minutes (3). At this point, a drop of caprylic alcohol was 
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usually added to each flask, and the flasks were made up to within 3 drops 
of 10 ml., transferred to test tubes, and centrifuged. The supernatant, 
poured off the precipitated protein, was neutralized to approximately 
pH 7.0 by the addition of 3 drops of 0.5 N HCl. A 2 ml. aliquot of each 
solution was analyzed for urea by the Van Slyke manometric method (9) 
for urea in whole blood or serum. Each urea determination of the four orig- 
inal arginine flasks was corrected by a urea done on its corresponding 


control. 


2001 


160, 


120, 


0.80) 


MG. UREA NITROGEN’ 


0.40, 
028, 


ML. LAKED CELL SOLUTION 
0.5, 1.0, 2.0, 3.0, 


I 2 4 6 8 10 12 
ARGINASE UNITS 


Fig. 1. Standard reference curve for measurement of arginase activity in red blood cells. 


A curve (Fig. 1) was constructed by plotting milliliters of laked cells as 
the abscissa against milligrams of urea nitrogen formed as the ordinate. On 
this curve an arbitrary point was chosen to define the unit of arginase ac- 
tivity. This point represented the amount of arginase in the laked cell solu- 
tion necessary to produce 0.28 mg. of urea nitrogen under the conditions of 
the experiment. The abscissa was then laid off in these units. The unit of 
arginase thus defined represents 1/50 milliequivalent of urea or ammonia 
nitrogen, and is equivalent to the arginase unit defined in other methods as 
the amount of ammonia titrated by 1 cc. N/50 HCl. In order to have an 
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appreciable excess of the substrate present during the reaction, the curve 
was.determined for only 2 mg. of the available 5 mg. of urea nitrogen, and 
to increase accuracy further, it was used only between the points repre- 
sented by 0.5 and 1.8 mg. of urea nitrogen. 

3. Determination of arginase in red blood cells: The procedure for the 
determination of arginase in unknown bloods was the same as that de- 
scribed for the preparation of the curve, except that only two aliquots, 2.0 
and 3.0 ml., and a pair of controls were used. From the value in arginase 
units obtained from the curve, the final value, calculated for each duplicate 
urea determination, was expressed in arginase units per ml. of packed red 
blood cells. A difference between duplicate determinations of 1.0 A.U. per 
ml. RBC was tolerated in a few cases, although the difference was usually 
lower, averaging 0.4 A.U. per ml. RBC. 

4. Provision of a second reference standard for arginase: Arginase 
activity, in addition to being referred to packed cells, was also referred 
to hemoglobin, which was determined by the Van Slyke-Neill oxygen 
capacity method (8, 10). 


FINDINGS 


The arginase units are reported in milliliters of packed red cells. The 
values referred to hemoglobin, although higher, paralleled these too closely 
to need to be reported separately. 

Nine normal women (Table 1) varied from 8.4 to 16.3, average 11.2, 
while seven normal men ranged from 5.4 to 11.3, averaging 8.9. These 
findings do not support the suggestion that androgens increase the arginase 
activity. 

The physiological variation (Table 2) was determined in three indi- 


TasLe 1. Normat MEN anp Women, AGE Group 20-40 
Arginase units per ml. RBC 


Women Men 
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Average 11.2 Average 8.9 
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viduals by making for each three observations over a period of a month, 
and was about one unit. In one case a determination six months later was 
similarly constant. No change was observed at different times in the 
menstrual cycle. 


TABLE 2. PHYSIOLOGICAL VARIATION FROM Day TO Day 
Arginase units per ml. RBC 


6 mos. later 
G.C., normal woman 9.7 9.9 10.2 9.6 
G.S., convalescent coronary man 15.2 15.4 13.8 
M.G., hyperthyroid man 6.5 6.9 6.3 


Methyl] testosterone, 50 mg. daily, was given to two normal males for 
six days, and the changes were about one unit (Table 3). 

One patient with Simmonds’s disease and one with Addison’s disease 
received 11-dehydrocorticosterone (Table 4). The former showed a marked 
increase in red cell arginase from 5.7 to 16.0 units, the latter remained 
constant at about 15.0 units. Metabolic studies on these patients are re- 
ported by Perera, Blood and Reinhold (7). 


TABLE 3. Errect oF Metuyt TESTOSTERONE ON Two MALE PATIENTS 
Arginase units per ml. RBC 


After receiving 


Patient Before M.T. 50 mg. M.T. 
for 6 days 
A.G. 5.5 5.7 
R.B. 11.4° 9.3 


TABLE 4. Errect or 11-DEHYDROCORTICOSTERONE ACETATE 
Arginase units per ml. RBC 


Disease Before DHCA After receiving DHCA for 7 days 
Simmonds’s 5.7 16.0 20 to 40 mg. daily 
Addison’s 15.6 14.5 100 mg. daily 


Fifteen units of antianemia liver extract were given to five non-anemic 
convalescents for five days; there was no change in the red cell arginase for 
the next fifteen days. 

Determinations were carried out in various diseases (Table 5). Two cases 
of Addison’s disease, taking doca, have rather high values as opposed to 
the low values reported by Kochakian. Aside from these cases there seems 
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to be no definite order, and it appears that the red cell arginase concentra- 


tion varies with each individual rather than with the disease, or with any 
of the observed endocrine disorders, except Simmonds’s disease. 


TABLE 5. PATIENTS 


A.U. per Sex Diagnosis Age 
rl. RBC 
3.9 M Infectious hepatitis 14 
4.2 M Pneumococcus pneumonia 42 
4.3 M Infectious hepatitis 59 
5.1 M Peptic ulcer (bleeding) 42 
5.7 M Simmonds’ disease - 36 
6.6 M Hyperthyroidism 47 
7.5 _M Peptic ulcer (bleeding) 51 
7.5 M Duodenal ulcer (bleeding) 35 
8.3 M Duodenal ulcer (bleeding) 78 
8.9 F Hyperthyroidism 41 
9.7 F Atypical Cushing’s syndrome 16 
(17 ketosteroids, 17.4 mg. per 24 hrs.) 
9.9 M Pneumococcus pneumonia 38 
10.0 F Rheumatic fever 39 
10.1 F Infectious hepatitis 31 
10.2 M Hodgkins’ disease 38 
10.3 F Anorexia nervosa 56 
10.4 F Essential hypertension 53 
10.6 F Infectious mononucleosis 23 
11.4 M Coronary occlusion 70 
11.9 M Ulcerative colitis 15 
12.8 F Hyperthyroidism 35 
13.5 M Coronary occlusion 50 
13.5 M Coronary occlusion 62 
13.8 M Coronary occlusion 40 
14.9 M Coronary occlusion 53 
15.5 M Rheumatic heart disease 31 
15.6 M Addison’s disease 31 
16.2 M Duodenal ulcer (bleeding) 84 
16.7 F Infectious mononucleosis 23 
17.6 F Cirrhosis - 30 
18.3 F Addison’s disease 30 
19.7 F Gaucher’s disease 32 
22.0 F Infectious mononucleosis 30 
29.0 M Chronic pancreatitis (?) 50 
SUMMARY 


The red blood cell arginase activity is quite constant in a given in- 
dividual. It is slightly higher in women than in men and is not influenced in 
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normal men by methyl testosterone. The range does not appear to vary in 
the diseases studied, with the possible exception of higher values in infec- 
tious mononucleosis. A marked rise in one case of Simmonds’s disease was 


produced by 11-DHCA. 
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INTRODUCTION 


HE present paper reports approximately 300 measurements of the 

urinary output of 11-oxycorticosteroid-like substances (11-OCS) by a 
group of normal subjects and by selected patients with various conditions. 
The purpose of these studies has been to clarify the significance of the 
urinary content of these substances with particular reference to variations 
in adrenal cortical function in health and disease. 

It is the 11-oxycorticosteroids which have been found to promote sugar 
formation from protein (i.e., protein catabolism) and to play a role in the 
resistance of the organism to the stresses and strains of various traumatic 
experiences (1, 6). Because of their action on sugar metabolism, they are 
called the “‘S-hormones.”’ They are to be distinguished from other cortico- 
adrenal hormones certain of which are androgenic and prompt protein 
anabolism (N hormone) and others of which act chiefly to cause retention 
of water, sodium and chloride and excretion of potassium (H.O and elec- 
trolyte hormone). 


METHOD 


The 11-OCS output was measured by means of a colorimetric assay 
procedure reported elsewhere (8). The substances measured are thought to 
correspond to corticoadrenal steroids which have a ketone or hydroxyl 
group on the 11th carbon. atom and which have attached to the 17th 
carbon atom a 2-carbon, sugar-like or ketolic side chain and an hydroxy] 


group. 


In evaluating the results reported here, it is important to bear in mind the 
approximate sensitivity of the method. The smallest quantity of crystalline 
11-oxycorticosteroid which can be measured accurately in the final colori- 
metric assay is about 0.018 mg. Smaller amounts can be assayed only ap- 
proximately. Because it is inherent in the analytic procedure that only a 
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fraction (usually about 1/6) of the urine sample extracted can be submitted 
to the final colorimetric analysis, the least amount in a urine specimen 
which can be measured accurately is approximately 0.11 mg. In the 
majority of normal urines reported here, however, only about 3/5 of the 
24-hour urine sample was extracted. Hence the lowest accurate value in . 
this series was about 0.17 mg. per 24 hours. In this connection it will be 
seen that the average values obtained in the majority of normal subjects 
were 0.17 mg. or more per day. In patients suspected of hypoadrenocorticism 
the tendency was to extract the entire 24-hour sample. The urines of 
patients with abnormally high values were treated as for the normal 
subjects, 
RESULTS 

Normal Subjects. Eighty-three 24-hour excretion values were obtained 
on 20 normal young adults, 12 of whom were men and 8 of whom were 
women. The average for the entire group was 0.22 mg. per day. One 
hundred per cent of the values obtained fell between 0.10 and 0.44, 90 per 
cent between 0.12 and 0.37, 80 per cent between 0.12 and 0.32 and 70 per 
cent fell between 0.13 and 0.32 mg. per day, respectively. No significant 
difference between the values for the sexes could be made out. 

While the foregoing suggests that the lower limit of normal 11-OCS out- 
put was 0.10 to 0.12 mg. per day, further analysis of the data disclosed 
that it should perhaps be placed higher. When averages* of two or more 
consecutive 24-hour assays were arranged in order of decreasing magni- 
tude, it was noted that 44 per cent of them were 0.20 mg. or less, 31 per 
cent were 0.19 mg. or less and only 6 per cent were 0.18 mg. or less. Thus 
an average value for two or more consecutive determinations of less than 
0.18 mg. per 24-hour sample would be lower than the average values of 
94 per cent of normal subjects studied to date. 

The chances of obtaining an unusually low or high value for an indi- 
vidual in a single assay are illustrated in Figure 1. Here are shown the day 
by day output values for 3 normal men and 1 normal woman. For these 
data the chances were 2 out of 3 that the value for a single day would fall 
within plus or minus 30 per cent of the average value for that individual. 
The figure indicates, however, that especially when there is a question of 
abnormally low 11-OCS excretion, a series of determinations would give 
much more accurate information than a single measurement. 

To investigate the possibility of using 8 or 12-hour urine collections in- 
stead of 24-hour collections the experiment recorded in Figure 2 was per- 
formed. Here 7 normal young men collected their urine over 8-hour periods 
for 23 days. On the first 2 days they lived a relatively sedentary existence; 


* Sixteen such average values were available. 
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on the morning of the third day they took a brisk 5 mile walk. While all 
the subjects were in good health, only about half were considered to be in 
good physical trim. The figure shows a slight tendency for the 11-OCS 
output to be highest in the forenoon and lowest at night. The 5-mile walk 
was without significant influence upon the 11-OCS output. The 24-hour 
values found by obtaining the sum of the 3 respective 8-hour values for 


MALE,NO. I MALE,NO.2 MALE, NO.3 FEMALE,NO.! 


DAY 


CORTICOSTEROID, MGM PER 


'23456769 1234567690 123456786 (2345678690 
DAYS 


Fic. 1. Day by day output of 11-OCS by 3 normal young men and 1 normal young 
woman. The continuous horizontal line intersecting the ordinate at about 0.22 mg. 
represents the average value for this series; the interrupted horizontal lines give the 
range for 90 per cent of the values. 


each day (right hand section of Figure 2) corresponded quite closely to 
ordinary 24-hour assays obtained on these and other normal individuals. 
However, the prediction of 24-hour values from individual 8-hour assay 
figures yielded irregular and insignificant results. 

Hypoadrenocorticism. Section A of Table I records 25 assays on 17 
patients with this condition. The average 11-OCS output for the group was 
0.14 mg. per 24 hours (range 0.02 to 0.29 mg.). About two-thirds of these 
values were 0.18 mg. or less and 59 per cent were 0.17 mg. per day or less. 
While there appeared to be a definite tendency toward abnormally low 
values in these patients, a number of them had one or more assays which 
were well within normal limits. Attempts to discover a clear cut relation 
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between the 11-OCS output and the presence of such a metabolic dis- 
turbance as hypoglycemia were unsuccessful. 

Though many of the patients were receiving desoxycorticosterone 
acetate therapy at the time of the urine collection, no consistent relation 
between this therapy and the 11-OCS excretion could be determined. 
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Fig. 2. Variation in 11-OCS output at different times of day; effect of 5 mile walk upon 
11-OCS output. With the exception of the right hand section the values are for 8 hour 
collection periods over the designated times. The right hand section gives the 24 hour 
values obtained by adding the three 8 hour values of each subject each control day. 
The interrupted horizontal lines in this section correspond to those of Figure 1. 


Thus it appears that the administration of this agent has no measurable 
effect upon the 11-OCS output as determined here. 

Hypothyroidism. Section B, Table I, presents data on 2 women with 
classical myxedema. In both the 11-OCS values were low. The effect of 
thyroid therapy on the 11-OCS output of one of these patients is illustrated 
in Figure 3. Whereas the 11-OCS output was abnormally low prior to 
therapy, it rose to normal levels promptly after thyroid medication was 
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instituted. It is of interest that relatively large doses of thyroid (300 mg. 
per day) did not result in an abnormal elevation or depression of the 
11-OCS output. 

Hypopituitarism. Section C of Table I sets forth observations on 7 
patients with this condition. There was a distinct tendency towards ab- 
normally low values. Four were less than 0.10 mg. and 6 of the 7 were 
less than 0.18 per day. It may be significant that the lowest values were 
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Fic. 3. Excretion of 11-OCS by an hypothyroid patient (No. 18, Table I) before and 
after U.S.P. thyroid therapy. The interrupted horizontal lines correspond to those of 
Figure 1. 


obtained on the patients who showed the most distinct symptoms of hypo- 
adrenocorticism. 

Hyperadrenocorticism with Virilism. Section D, Table I, gives informa- 
tion on 6 patients with this disease. It will be noted that all but one of 
these had proven or presumed adrenal cortical hyperplasia as the under- 
lying pathologic process; in the one exception there was an obvious and 
very extensive neoplasm of the adrenal cortex. It will also be seen that 
symptoms and signs characteristic of Cushing’s syndrome were lacking. 
Without exception the urinary 17-ketosteroid values were abnormally — 
elevated. However, except for the patient with adrenal neoplasm (No. 32) 
the 11-OCS values were either within normal limits or only slightly ele- 
vated; the value in patient No. 32 was definitely abnormally high (1.45 
mg. per day). On the other hand, while the 17-KS value in this patient. was 
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TABLE I. ExcrRETION OF URINARY CORTICOSTEROID-LIKE SUBSTANCES (11-OCS) 
AND OF 17-KETOSTEROIDS (17-KS) By PaTIENTs witH VARIOUS Con- 
DITIONS. THE VALUES GIVEN ARE MILLIGRAMS PER 24 Hours 


Urinary 11-OCS 
Description 17-KS | No. of 
— Determi-| Av. Range 
nations 
A. Hypoadrenocorticism 
1 Male, age 45, with history of renal TBc, and with microcardia, 
hypotension and generalized pigmentation. 3.2 1 -03 _ 
2 Male, age 18, moderately severe idiopathic hypoadrenocorticism 
of 6 yrs. duration. Moderate marked weakness. No spontane- 
ous hypoglycemia. 3.6 1 -06 
3 Mele, age 38, with TBc, moderate marked muscle weakness 
and tendency to hypoglycemic episodes. 1.9 1 .07 _ 
4 Female, age 49, with Addison’s disease for 1 yr. Very weak but 
no clear evidence of hypoglycemia. 0.8 2 -1l .06—.16 
5 Male, age 51, with Addison's disease of 5 yrs. duration. Active : 
pulmonary TBe. Calcification of adrenals by x-ray. 4.4 1 ll _ 
6 Male, age 45, with moderately severe Addison’s and quiescent 
TBc. Moderate muscle weakness and irregular tendency to hy- 
poglycemia. 2.5 3 11 -06—.16 
7 Male, age 41, with recently diagnosed hypoadrenocorticism and 
with recent slight gynecomastia. No hypoglycemia. Moderate 
muscle weakness. 4.2 4 14 -08-—.24 
8 Male, age 29, with Addison's disease of 2 yrs. duration. One un- 
descended testicle and BMR of —27%. 3.2 2 .14 -09-.18 
9 Female, age 45, with striking tendency to hypoglycemia which 
was prevented by 3 cc. adrenal extract daily. Also tendency to 
edema when receiving more than 2 mg. DOCA daily. BMR 
—18% on 60 mg. thyroid. — 1 -16 _ 
10 Male, 35 years, with weakness, pigmentation. No hypoglycemia 
except after prolonged fast. Normal glucose tolerance. See also 
Figure 8. 3.3 1 
11 Female, age 52, with mild Addison's disease, slight pigmenta- 
tion; essentially normal insulin tolerance. 1.0 1 .18 _ 
12 Male, age 49, with Addison's disease for 13 yrs. Maintained well 
with DOCA pellets. Crises only when DOCA discontinued. No 
striking tendency to hypoglycemia. 2.8 1 .19 _ 
13 Female, age 32, with Addison's disease of 6 yrs. duration. Onset 
following severe hemorrhage at end of pregnancy. Develops 
edema very easily on small dosesof DOCA. BMR —35%. Many 
severe hypoglycemic episodes. 2.6 1 -20 _ 
14 Male, age 38, without gross tendency to hypoglycemia. 4.4 1 2% —_— 
15 Male, age 27, with Addison's disease of about 10 years duration. 
Tuberculous kidney removed 6 yrs. ago. Has crises when DOCA 4 
therapy stopped and rather marked tendency to spont 
episodes of hypoglycemia. BMR —15%. 2.0 2 24 .18-.29 
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TABLE I—(continued) 


EXCRETION OF 11-OXYCORTICOSTEROIDS 


Patient 
Number 


Description 


17-KS 


Urinary 11-OCS 


No. of 
Determi- 
nations 


Av. 


Range 


16 


17 


18 


20 


21 


22 


24 


25 


26 


27 


28 


29 


Male, age 43, with Addison's disease of 6 yrs. duration. Doing 
well on DOCA pellets. No striking tendency to hypoglycemia. 
Weight loss and weakness develop smcanes if therapy is with- 
drawn. BMR —21%. 


Female, age 20, with severe Addison’s disease of 4 yrs. duration 
and with tendency for spontaneous hypoglycemia. BMR —18%. 


SEE ALSO PATIENT NO. 31, 
B. Hypothyroidism 
Female, age 69, with classical myxedema following eiiekion 
tomy 20 years ago. No therapy for past 4 years. BMR —40%. 
Serum cholesterol 414 mg. %. (See also Figure 3.) 


Female, age 41, with hypothyroidism for 2 yrs. BMR —30 to 
to —40%. Serum cholesterol 500 mg. %. 


C. Hypopituitarism 
Female, age 26, with the clinical picture of panhypopituitarism 
and with a history of hypoglycemic episodes. 


Female, age 61, with amenorrhea and myxedema following preg- 
nancy 19 yrs. ago. Microcardia by x-ray. Cholesterol 625 mg. %. 
Serum Na 104 and Cl 73 meq/L. NPN 17 mg. %. Started on 
thyroid 5 days ago. . 


Male, age 21, with dwarfism due to panhypopituitarism and 
with history of hypoglycemic attacks, one of which was brought 
on by thyroid therapy. FSH <2 M.U. 


Female, age 35, who had hypophyseal cyst removed 7 yrs. ago. 
Typical Addisonian crisis in association with appendiceal ab- 
scess 1 yr. ago with clear response to adrenal cortical extract 
therapy. FSH neg. at 6 and pos. at 3 M.U. BMR —30%. 


Male, age 65, who had pituitary tumor removed 10 yrs. ago. At 
present no gross clinical symptoms of hypopituitarism 


Male, age 44, who was dwarfed, obese and sexually infantile. As- 
permatogenesis by testicular biopsy. BMR +5%. Normal in- 
sulin tolerance test. FSH 0 M.U. 


Male, age 18, who had craniopharyngioma removed 10 yrs. ago. 
At present dwarfed, slightly obese and sexually immature. 
Otherwise essentially symptom free. FSH pos. 3 M.U., neg. 6.5 
M.U. 


D. Hyperadrenocorticism with Virilism 
Female, age 16, with congenital virilism due to bilateral adrenal 
cortical hyperplasia proven by biopsy. No symptoms or signs of 
Cushing’s syndrome or of hypoadrenocorticism. 


Female, age 12}, with congenital virilism presumably due to 
congenital adrenal cortical hyperplasia. 


Female, age 26, with acquired rather than congenital adrenal 
cortical virilism. Tallest in class until 10 yrs. old when she 
stopped growing and developed hirsutism. Presumably a case of 
bilateral adrenal cortical hyperplasia. 
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TaBLE I—(continued) 


Patient 
Number 


Description 


17-KS 


30 


31 


32 


33 


34 


35 


36 


38 


39 


41 


42 


Female, age 5, with congenital virilism presumably due to ad- 
renal cortical hyperplasia, large stature, heavy musculature, 
clitorial hypertrophy, pubic and axillary hirsutism. 


Male, age 8, who in early infancy developed disturbances of wa- 
ter and electrolyte metabolism, gastro-intestinal symptoms and 
skin pigmentation indistinguishable from those seen in Addi- 
son's di Has required NaCl and DOCA therapy since then. 
In cerly infancy also showed pr i dary sex 
t. At p t marked precocity, pigmentation, nor- 
ma! insulin tolerance test. No evidence of Cushing’s syndrome. 
Proven bilateral adrenal cortical hyperplasia. Hyperplastic ad- 
renal cortical rests in testicular biopsy. No spermatogenesis. 


Female (Beth Israel Hosp.), age 3 yrs., with marked evidences 
of virilism, but without clear signs of Cushing’s syndrome. 
Proven ad 1 cortical carci 


E. Hyperadrenocorticism with Cushing's syndrome 
Female, age 33, with characteristic full-blown Cushing's syn- 
drome of 5 yrs. duration. No response to recent x-ray therapy to 
pituitary. See also Figure 4. Values given here are those ob- 
tained after therapy. 


Female, age 20, with Cushing’s syndrome. See also Figures 5 
and 8 where effects of operation and of variations in protein in- 
take are shown. At exploration adrenal hyperplasia was found. 


Male, age 30, with active Cushing's syndrome. Left adrenal ex- 
ploration revealed hyperplasia of that gland. See also Figure 5 
for effect of operation on 11-OCS output. 


Female, age 38, with active Cushing’s syndrome. Left adrenal 
exploration revealed hyperplasia of that gland. See also Figure 5 
for effect of operation on 11-OCS output. Values shown here are 
pretreatment only. 


Male, age 31, with active Cushing’s syndrome. 


Male, age 30, with active Cushing's synd . 


Female, age 29 (Dr. R. Keating, Mayo | Clinic) with characteris- 
tic full-blown Cushing’s synd 


Female, age 30 (Dr. J. Howard, Johns Hopkins), with active 
Cushing’s. At operation bilateral adrenal hyperplasia found. 


Male, age 14 (Dr. L. Wilkins, Johns Hopkins), with active Cush- 
ing’s syndrome. Biopsy of adrenal showed hyperplasia of the 
zone reticularis. See also Figure 8 for effects of variations in pro- 
tein intakeon 11-OCS output. Values shown here are for periods 
when patient was receiving diet of 2500 calories and 60 grams of 
protein. 


Female, age 17 (Dr. L. Wilkins, Johns Hopkins), with active 
Cushing’s syndrome. Skeleton markedly demineralized, patient 
completely bedridden. See also Figure 8 for effect of protein in- 
take on 11-OCS output. Values shown here obtained while pa- 
tient was receiving 1500 calories and 50 grams of protein daily. 
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TaBLE I—(continued) 


Urinary 11-OCS 
Patient Description 17-KS | No. of 
Number Determi-| Av. Range’ 
nations 
43 Male, age 35 (Dr. Proger, Pratt Diagnostic), with gynecomastia, 
for 6 mos. Weight gain with loss of appetite, acne, purple striae, 
increased hirsutism, but no osteoporosis, hypertension or loss of 
potency. Adrenal cortical tumor removed. Value given was pre- 
operative. Postoperative 11-OCS values, 0.39 and 0.22 mg. per % 
day. 1 1.3 ¥ 
Date Value 
44 Female, age 42, who developed active Cushing’s syndrome un- 3/26/45 -36 
der observation. Spine decalcified, decreased glucose tolerance, 3/30/45 34 
FSH <6.5 M.U. 3.8 6/23 /45 .34 
11/ 9/45 -75 
3/ 3/46 -79 
3/20/46 Adrenal tumor 
removed 
3/27/46 -28 
4/ 5/46 .16 
6/20/46 .30 
F. Simple Hirsutism 
45 Female, age 35, with increased growth of hair over the entire 
body in past 3 years. Menstrual periods normal. No hypertrophy 
of clitoris. At laparotomy both adrenals appeared normal and 
biopsies of ovaries were normal. No evidence of Cushing’s syn- 
drome. 20.5 1 
46 Female, age 23, with apparently hereditary hirsutism. No clini- 
cal evidence of adrenal cortical virilism, Cushing’s syndrome or |13.2 to 
other abnormalities. 23.6 1 -23 
47 Female, age 28, with idiopathic hirsutism and obesity. Irregular 
menses. Exploration of adrenals negative. Adenofibroma of 
ovary removed. $3 one 
G. Burn Patients 
48 Male, age 38, with severe thermal burn. See Figure 6 for serial 
measurements. 16 68 .38-1.2 
49 Male, sge 68, with extensive and fatal thermal burns. See Figure 
6 for serial measurements. _ 6 9 -4-1.7 
50 Male, who was severely burned on the day of the assay and 
who died 5 days later. _ 1 1.1 =a 


The hospital record numbers of certain patients are as follows: the number in parenthe- 
sis is the patient’s number in Table I and is followed by the initials of the hospital (MGH— 
Massachusetts General Hospital; PBBH—Peter Bent Brigham Hospital) and hospital 
number. Urine of the PBBH patients was obtained through the courtesy of Dr. George 
Thorn. (1) MGH 487800; (2) MGH 376861; (3) PBBH-F; (4) MGH 496895; (5) MGH 
495076; (6) MGH 369416; (7) MGH 485500; (8) PBBH-KK; (9) PBBH-MN;; (10) 
MGH 479500; (11) MGH 25029; (12) PBBH-JC; (13) PBBH-RG; (14) MGH 366564; 
(15) PBBH-JP; (16) PBBH-NM; (17) PBBH-MT; (18) MGH 474150; (19) MGH 
488302; (21) MGH 488329; (22) MGH 64011; (23) MGH 46521; (24) MGH 486295; 
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(25) MGH 218519; (26) MGH 350596; (27) MGH 354826; (28) MGH 169536; (31) 
MGH 366532; (33) MGH 467276; (34) MGH 499922; (35) MGH 511658; (36) MGH 
527071; (37) MGH 526033; (44) MGH 484185; (47) MGH 42182; (48) MGH 491023; 
(49) MGH 481638; (50) MGH 482818; (51) MGH 430664. 


roughly 100 times the expected normal value for a child her age, the 11- 
OCS value was only about four to five times the approximate normal for 
young children. 

Of exceptional interest were the values obtained for patient No. 31 who 
presented clinical evidences of a remarkable dissociation of adrenal cortical 
function. The marked disturbances in water and electrolyte metabolism 
and their response to desoxycorticosterone acetate therapy suggested that 
the adrenals were failing to produce a normal quota of that type of hor- 
mone. Thus is seeméd probable that in this patient the urinary 17-KS 
(markedly elevated) and the 11-OCS (normal to slightly elevated) were 
not derived from adrenal hormones with the desoxycorticosterone type of 
metabolic action. The stable carbohydrate metabolism, including a normal 
ability to tolerate 0.1 unit of regular insulin per kilogram of body weight 
given intravenously (5), indicated that he was probably not suffering from 
a deficiency of the adrenal cortical carbohydrate or ‘‘S’’ hormone, whereas 
the absence of signs of Cushing’s syndrome ruled against an excess of this 
type of agent (1). The essentially normal 11-OCS value corresponds satis- 
factorily with these clinical findings. Finally, the marked masculine pre- 
cocity indicated the presence of excess androgens which were almost 
certainly of adrenal cortical origin. The evidence of the literature shows 
that the urinary 17-KS are excretory transformation products and hence 
an index of the rate of production of adrenal cortical (and testicular) 
androgens (7). Hence the markedly elevated 17-KS output was con- 
sistent with this portion of the clinical picture. 

Hyperadrenocorticism with Cushing’s Syndrome. Section E, Table I, pre- 
sents observations on 12 patients with this condition. With the partial ex- 
ception of patient No. 34 all of these patients were in an active phase of 
the disease. Except where indicated they were not under treatment at the 
time the measurements were made. It is seen that there was a distinct 
tendency towards abnormally elevated 11-OCS values (average 1.7 mg., 
range 0.6 to 12.0 mg. per day). Roughly speaking the highest values were 
obtained for patients suffering most severely from the disease. In this con- 
nection it is of interest that values obtained on 3 other patients whose 
Cushing’s syndrome was considered on clinical grounds to be in remission 
were within normal limits (average .28 mg., range .21 to .38 mg. per day). 
Figure 4 also illustrates fluctuations in the 11-OCS output induced by the 
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administration and withdrawal of testosterone propionate to patient No. 
33. When the drug was given the 11-OCS values tended to fall, while they 
rose when it was stopped. Removal of a tumor of the right adrenal cortex 
resulted in an abrupt drop in the 11-OCS to a low normal level. This ob- 
servation suggests strongly that the 11-OCS appearing in the urine of 
this patient originated in the adrenal cortical tumor. 

In contrast to the patients with adrenal cortical virilism, the urinary 
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Fic. 4. Effect of testosterone therapy and of the removal of an adrenal cortical tumor 
upon the 11-OCS values of a patient with active Cushing’s syndrome (No. 33, Table I). 
The interrupted horizontal lines correspond to those of Figure 1. 


17-KS output was proportionately much less elevated in the Cushing’s 
syndrome patients than was the 11-OCS output. 

Simple Hirsutism. Because patients with hyperadrenocorticism and 
either virilism or Cushing’s syndrome tend to have abnormal hirsutism, 
it was of interest to obtain a few measurements on patients with hirsutism 
not apparently due to adrenal cortical disease. The excretion of 11-OCS 
by these patients (Section F, Table I) was not abnormal. The 17-KS values 
of 2 of the 3 patients were slightly elevated. 


= 
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Effect of Trauma upon 11-OCS Output (Alarm Reaction). Figure 5 pre- 
sents observations on the urinary excretion of 11-OCS by 3 of the patients 
with Cushing’s syndrome (Nos. 34, 35 and 36) before and after surgical 
exploration of the adrenal gland. In all of these patients hyperplasia of the 
adrenal gland was noted, but except for a small specimen for biopsy the 
gland was not removed. It can be seen that the output of 11-OCS rose 
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Fic. 5. Excretion of 11-OCS by 3 patients (Nos. 34 to 36, Table I) with Cushing’s syn- 
drome pre- and postsurgical exploration of an adrenal gland. 


appreciably within one to four days post-operatively and then subsided to 
essentially preoperative levels. 

Figure 6, on the other hand, shows the 11-OCS values obtained on 2 sub- 
jects titnatdion G, Table I) who suffered extensive burns. The patient whose 
course is illustrated in the left hand section of the figure was followed for 60 
days following the burn. Throughout the major portion of this period the 
11-OCS output was abnormally elevated. Two peaks of excretion are evi- 
dent. The first which attained a maximum at about the 20th post-burn 
day was apparently related to the initial burn; the second peak (38th day) 
occurred in association with anesthesia and skin grafting. The terminal 
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subsidence of 11-OCS excretion values to normal levels coincided with 
essentially complete healing of the skin and with the clinical recovery of 
‘the patient. While the 17-KS values remained within normal limits 
throughout the period of observation, they tended to vary in the opposite 
direction from the 11-OCS. In the second patient of Figure 6 (right hand 
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Fia. 6. Excretion of 11-OCS and of 17-KS by patients (Nos. 48, 49, Table I) following 
extensive burns. Day zero was the day of the burn. The interrupted horizontal lines cor- 
respond to those of Figure 1. 


_ section), there was a marked elevation in the output of 11-OCS shortly 

after the burn occurred, followed by an abrupt fall almost to normal 
levels. The patient died on the ninth day. In a third patient (No. 50, 
Table I) there also was an elevated 11-OCS output on the day of the burn. 

Nitrogen (Protein, Amino Acids or Plasma) Intake and 11-OCS Output. 
There are recorded in the literature observations suggesting that a high 
protein intake prompts hypertrophy of the adrenal cortex (2, 6). Accord- 
ingly, the possible effects of variations in the intake of nitrogenous nutri- 
ents were studied in a variety of subjects (Figs. 7 and 8). 

Figure 7 gives data on normal subjects and on 2 patients with idio- 
pathic osteoporosis. In the normal subject C, the excretion of 11-OCS dur- 
ing periods when an average ad lib. diet was eaten (left hand and right 
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hand sections of top left hand diagram) was within normal limits. The 
middle section of that diagram shows that the subject ate isocaloric diets 
(+4000 calories per day) containing, respectively, 31, 39 and 9 Gm. of 
protein nitrogen per day. Stated in other words the two high-protein diets 
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Fia. 7. Relation between protein intake and urinary 11-OCS excretion by normal subjects 
and by 2 patients with idiopathic osteoporosis. See text for detailed description. The inter- 
rupted hor:zontal I'‘nes correspond to those of previous charts. 


provided 3.0 and 3.8 Gm. and the low-protein diet 0.8 Gm. protein per 
kilogram of body weight per day. While the subject was taking the higher 
protein diets there was a definite tendency toward moderately elevated 
11-OCS values. At other times the output of 11-OCS was within normal 
limits. Normal subjects E and J (center, top row, Fig. 7) show that a zero 
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protein intake with or without fasting and thirsting had no appreciable 
effect upon the 11-OCS excretion. In the case of the normal male, W (top 
right hand diagram), the intravenous administration of 1500 cc. of plasma 
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Fic. 8. Relation between protein intake and 11-OCS output by patients with adrenal 
cortical disease. See text for detailed description. The interrupted horizontal lines cor- 
respond to those of previous charts. Patient K is No. 10, female patient H is No. 43, male 
patient H is No. 42, and patient D is No. 35, Table I. 


(194 Gm. of protein) daily for two days was also without effect on the 
11-OCS excretion level. The same lack of response was evident in the 
osteoporotic patient, L (lower left diagram), during the period when she 
received 500 cc. of plasma intravenously daily for 12 days. On the other 
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hand, the ingestion of a relatively high protein diet (3.0 Gm. per kilogram 
of body weight per day) by this patient resulted in an apparent rise in 
11-OCS output. Her total caloric intake was maintained constantly at 
about 1800 calories per day. A similar and more striking rise was observed 
in patient B (lower right hand diagram) when she ate 5.9 Gm. of amino 
acids per kilogram of body weight daily for 34 days. In this patient also 
the total caloric intake was constantly kept at about 1750 calories per 
day. 

Because these data suggested that a high oral protein intake prompted a 
rise in 11-OCS values and hence presumably in adrenal cortical activity, 
it seemed of interest to study the effect of variations in protein intake on 
patients with adrenal cortical disease. It might be expected that a patient 
with hypoadrenocorticism would be unable to respond to this type of 
stimulus by increasing the 11-OCS output. This idea appears to be borne 
out by the findings on patient K (top left diagram, Fig. 8) who showed no 
elevation in 11-OCS values when the protein content of his daily diet was 
increased from 0.5 to 3.0 Gm. per kilogram of body weight. Two patients 
with Cushing’s syndrome (patients H and H, respectively, top right and 
lower left diagrams of Fig. 8), however, tended to show a marked increase 
in 11-OCS values on a high protein diet and a decrease in 11-OCS values 
on a low protein diet. Incidentally, it is noteworthy that the administra- 
tion of methyl testosterone to male patient H (lower left diagram) ap- 
parently counteracted the effects of the high protein intake, so that when 
the patient was receiving both the relatively high protein diet and the 
drug, the value obtained was only slightly above normal limits. In con- 
trast to the foregoing are observations on patient D, who also had active 
Cushing’s syndrome (lower right diagram, Fig. 8). In this patient varia- 
tions in protein intake bore no clear relation to 11-OCS values. No explana- 
tion for this discrepancy is at hand. It therefore appears that the tendency 
noted in the other subjects for the 11-OCS output to rise with a high 
protein intake was an elective rather than an obligatory functional re- 
sponse. 

Relation Between the Administration of Various Steroid Hormones and 
Related Substances to the 11-OCS Output. Table II records data showing 
the effects of a variety of these agents upon the 11-OCS excretion levels of 
2 patients, one of whom had adrenal cortical virilism and the other post- 
menopausal osteoporosis and Paget’s disease. In both patients the respec- 
tive control values were within normal limits. While small variations in 
11-OCS values were noted, careful study failed to reveal any clear relation 
between these variations and the respective therapy given. ’ 

Not shown in the table are a series of observations on 8 patients with 
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Addison’s disease under the care of Dr. G. Thorn at the Peter Bent Brig- 
ham Hospital, Boston. In each of these the urinary 11-OCS output was 
measured both before and after approximately three days of corticosterone 
treatment (15 to 60 mg.intramuscularly daily). No consistent or significant 
difference between control and treatment period values was evident. That 


TABLE II 
Pa- 11-OCS 
tient ABE Daily | No. of 
a, Diagnosis Treatment Bese 6-day 
wea periods} Av. | Range 
mg mg. mg. 
28 | Adrenal Cortical Vir- | None — 3 .25 | .24-.29 
ilism Desoxycorticosterone 
acetate 20 1 .44 _ 
Desoxycorticosterone 
acetate _ 380 1 .26 _ 
Pregnanelone 30 2 .30 | .30-.30 
Pregnanelone 60 1 19 — 
Progesterone 25 1 .16 tone 
Progesterone 75 1 
Progesterone 75 5 36 | .19-.52 
Stilbestrol | 3 
Ethyl testosterone 20 6 .25 | .15-.45 
Methy] testosterone 50 3 33 | .20-.41 
51 | Female, Age 53, Post- | None 4 26 | .10-.34 
menopausal Osteo- | Stilbestrol 1 5 18 | .10—.26 
porosis and Paget’s | Stilbestrol 15 5 .19 | .10-.24 
Disease Stilbestrol 15 2 18 | .13—.23 
25 
Stilbestrol 15 1 .29 _ 
100 
Stilbestrol 15 2 .21 | .18-.24 


is, there was no evidence that administered corticosterone was recovered 
from the urine by the present analytic procedure. The same appeared to 
be true for desoxycorticosterone (Table II and unpublished observations). 
These findings are not too surprising for it was learned while devising the 
assay method that only corticosteroids with an oxygen at carbon 11 and 
an hydroxyl group at carbon 17 can be recovered quantitatively (8). 
Corticosterone lacks one and desoxycorticosterone lacks both of these | 
characteristics. 

On the other hand, it will be remembered that methyl testosterone 
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therapy was followed by an appreciable fall in the 11-OCS output by two 
patients with active Cushing’s syndrome (patients No. 33 and 42, Table 
I and Figs. 4 and 8). This finding is in keeping with similar observations 
carried out with the aid of a biologic method for assaying urinary corti- 


coids (10). 
COMMENTS AND SUMMARY 


I. This study consists of an analysis of the urinary “11-oxycorticosteroid”’ 
(11-OCS) excretion in normal individuals and in patients with certain 
endocrinopathies. 

II. The procedure, previously reported (8), consists of a colorimetric 
assay of the adrenal cortical “sugar hormone” or “‘S hormone’’; the value 
obtained is thought to be an index to those 21 carbon adrenal-cortical 
steroids which have a ketone or hydroxyl group on the eleventh carbon 
atom and an hydroxyl group on the 17th carbon atom. 

III. The average 24-hour excretion obtained for 11-OCS in normal 
young adults was 0.22 milligram with a range from 0.10 to 0.44 milli- 
gram. 

IV. The average value obtained for 17 patients with panhypoadreno- 
corticism (Addison’s Disease) was 0.14 milligram with a range of 0.02 to 
0.29 milligram; evidence is presented which indicates that the overlap- 
ping between normal individuals and patients with Addison’s disease in 
their assay values would be minimal if determinations were carried out on 
more than one 24-hour urinary specimen; the administration of 11-desoxy- 
corticosterone acetate had no effect on the assay values of patients with 
Addison’s disease. 

V. The 11-OCS assay was less than 0.10 milligram per 24 hours in 4 
of 7 patients with pan-hypopituitarism and less than 0.18 milligram in 6 
of the 7. 

VI. The 11-OCS assays of two patients with hypothryoidism, a condi- 
tion in which clinically there is no evidence of ‘‘sugar hormone”’ lack, were 
below 0.1 milligram per 24 hours; in one of these patients, on whom the 
effect of thyroid medication was studied, the assay value rose to normal; it 
is suggested that the low value in this disease may be on a compensatory 
basis. 

VII. In five cases of hyperadrenocorticism-with-respect-to-the-N -hor- 
mone (adrenal virilism) with high 17-ketosteroid excretions the 11-OCS 
assay was normal or only slightly elevated; in one case where the hyper- 
adrenocorticism-with-respect-to-the-N-hormone was the result of adrenal 
cortical neoplasm the 11-OCS excretion was high (1.45 milligrams per 24 


hours). 
VIII. Of exceptional interest was one of the five patients mentioned 


‘ 
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above, a male child with hyperadrenocorticism with virilism; this indi- 
vidual exhibited hyperadrenocorticism-with-respect-to-the-N-hormone as 
judged by virilism and 17-ketosteroid excretion, hypoadrenocorticism- 
with-respect-to-the-‘‘salt-and-water’’-hormone as judged by electrolyte 
studies and response to desoxycorticosterone acetate, and iso-adrenocorti- 
cism-with-respect-to-the-S-hormone as judged by carbohydrate studies 
and 11-OCS excretions. 

IX. In 12 patients with hyperadrenocorticism-with-respect-to-the-S- 
hormone (Cushing’s Syndrome) the 11-OCS assay averaged 1.7 milli- 
grams with a range of 0.6 to 12.0 milligrams per 24 hours; the 11-OCS 
excretions in three other cases thought to be in remission were within 
normal limits. 

X. Non-specific trauma (‘‘Alarm Reaction’’) resulted in a rise of urinary 
11-OCS assays; thus, values of the order of magnitude found in Cushing’s 
syndrome were obtained in three patients with severe burns, the excretion 
falling to normal in one of these patients, interestingly enough, about three 
days before a fatal issue; moreover, exploration of the adrenal glands in 
three cases of Cushing’s syndrome in which no tumors were found likewise 
resulted in a temporary rise of urinary 11-OCS output. 

XI. In experiments on normal subjects or patients without adrenal 
cortical dysfunction the urinary 11-OCS assays were increased by a high 
oral protein intake or by oral casein hydrolyzate but were unaffected by 
plasma given intravenously or by starvation with or without thirsting; 
these observations, however, are quite fragmentary. 

XII. In a patient with pan-hypoadrenocorticism the 11-OCS urinary 
assay was unaffected by a high protein diet; in two of three patients with 
Cushing’s Syndrome it was repeatedly elevated by a high protein diet. 

XIII. The high urinary 11-OCS values in Cushing’s Syndrome (two 
cases) were decreased by testosterone therapy; this is in agreement with 
the unpublished observations of Deane and Greep (4) that testosterone 
administration to rats tends to decrease the steroid content of the zona 
fasciculata where it is thought the 11-OCS are produced (3, 9). 

XIV. It is tentatively concluded that the 11-OCS output as measured | 
here may be taken as an index of the rate of production of the carbo- 
hydrate-regulating hormones (gluconeogenic or sugar hormone) of the 
adrenal cortex and that as such they give distinctly different information 
from that provided by the urinary 17-ketosteroid measurement. 
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THE PREGNANDIOL PRECIPITATION TEST 


CLINICAL APPLICATION OF A RAPID METHOD FOR THE 
DIAGNOSIS OF PREGNANCY* 


HAROLD C. MACK anp ARTHUR E. PARKS 


From the Endocrine Laboratory and the Department of Obstetrics and Gynecology, 
Harper Hospital, Detroit, Michigan 


EPEATED attempts have been made to perfect a chemical test for 

the early diagnosis of pregnancy through identification of pregnandiol 

in the urine of amenorrhoic women (4, 7, 10). Technical difficulties have 
hindered extensive adoption of the various methods which have been pro- 
posed; conflicting reports have been published concerning their practical 
usefulness. A new and greatly simplified technic has recently been de- 
veloped in our laboratory (9). Sufficient data have now been accumulated 
to permit a partial evaluation of the clinical usefulness of this procedure. 


PREGNANDIOL PRECIPITATION TEST 


This test is an outgrowth of our investigations of the Astwood and Jones 
(1) and Guterman (5) procedures. While performing a Guterman test in a 
suspected case of ectopic pregnancy, a macroscopic precipitate was noted 
at one of the intermediate steps of the technic. A diagnosis of presumptive 
pregnancy based upon this end-point was substantiated at operation; a 
positive Guterman color reaction and a positive Friedman test were subse- 
quently obtained from the same urine specimen. Encouraged by this ob- 
servation, a technic for the precipitation of unpurified pregnandiol was 
developed which eliminated the last five steps of Guterman’s procedure. 
The time required for this technic is less than two hours. 


Technic 
A. Hydrolysis and extraction of pregnandiol. 


1. Secure a first morning urine specimen and record specific gravity: 

2. Measure 100 ml. of urine and pour into a 500 ml. Erlenmeyer flask. 

3. Add 50 ml. of toluene (Reagent quality), 10 ml. of concentrated 
hydrochloric acid, and two glass beads to the flask. 

4. Connect the flask to a vertical Liebig condenser and allow the 
sample to reflux on the hot plate for 15 minutes. 

5. Remove the flask and cool rapidly to room temperature under a 
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11. 


12. 


. Precipitation of impurities. 
13. 


14. 
15. 
16. 
17. 


18. 


. Precipitation of pregnandiol. 


19. 
20. Place flask containing acetone on the hot plate. When it begins to 
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water tap. Avoid agitation of the sample while cooling to prevent 


formation of emulsion. 
Transfer the sample to a 500 ml. separatory funnel; draw off and 


discard the lower layer (urine). 


. Small amounts of emulsion present at this point can be disregarded. 


If large amounts are present, transfer the sample to a 100 ml. tube 
and centrifuge for 5 minutes. The toluene and associated urine is 
then poured into the separatory funnel leaving the emulsion in the 
tube. 

Add 15 ml. of 0.1 N sodium hydroxide to the separatory funnel and 
wash by inverting twice and swirling the sample gently. 


. The sodium hydroxide settles to the bottom of the funnel and is 


discarded. 

Repeat step (8) with an additional 15 ml. of sodium hydroxide and 
follow the same procedure with two 15 ml. portions of water. 
After the last washing with water, make a very careful separation 
so that only the toluene layer is transferred to a dry 125 ml. 
Erlenmeyer flask. 

Allow the sample to stand undisturbed for at least 5 minutes; then 
pour into a second dry 125 ml. Erlenmeyer flask, making certain 
that any droplets of water which may have collected are left be- 
hind. 


Add 2 glass beads and bring the sample to boiling on the hot plate. 
When the vapors reach the mouth of the flask, slowly add 10 ml. 
of 2% sodium hydroxide in absolute methanol while the flask re- 
mains on the hot plate. 

Boil until the methanol has evaporated and the toluene is reduced 
to about one-half its original volume. 

Filter, while hot, through a fritted glass filter (Pyrex, medium 
porosity) using suction. Collect the filtrate in a large test tube. 
Add 15 ml. of toluene to the flask as a rinse, heat to boiling, and 
use it to wash the precipitate remaining on the filter. 

Pour the filtrate from the test tube into a dry 125 ml. Erlenmeyer 
flask and take to dryness on the hot plate. Use gentle air stream to 
remove the last traces of toluene. 


Add 5 ml. of acetone to the residue in the flask. 
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boil, add 25 ml. of boiling 0.1 N sodium hydroxide slowly, 3-4 ml. 
at a time. 
21. Remove the sample from the hot plate. 


. Reading of result. 


22. Swirl the sample and observe the side of the flask above the level 
of the liquid, standing in front of a window or good source of light. 
In samples containing 0.75 mg. or more, of pregnandiol, a pre- 
cipitate is evident immediately. Due to surface tension of the liquid 
and the lightness of the precipitate, it is carried up the side of the 
flask and becomes evident as tiny, white particles. 

. If no precipitate is immediately evident, place the sample in an 
ice water bath for ten minutes. At the end of this time, remove 
from ice bath and allow to stand for 30 minutes at room tem- 
perature. Again observe as in (22). 

. As a method of checking the amount and character of the pre- 
cipitate we have recently followed the procedure used at the Harper 
Hospital Clinical Laboratory for reading and grading Kahn tests. 
One cc. of the sample is placed in a standard Kahn tube and viewed 
in a fluorescent light box. The reaction can thus be graded as 0, x, 
XX, XXX, XXXX. 


. Description of precipitate. 


The substance which is precipitated under the conditions listed above 
is manifestly impure pregnandiol, contaminated by cholesterol and 
other steroids. The precipitate is birefringent and does not form clearly- 
defined crystals. 


CONTROL STUDIES 


To test the efficiency of this method, preliminary studies were carried 
out before subjecting the method to clinical trial, as follows: (a) recovery 
tests of weighed amount of crystalline pregnandiol added to pooled samples 
of male urine, (b) determinations in normal pregnancy and (c) non-preg- 
nant states. 

(a) Crystalline pregnandiol. As stated in our original publication (9), 
weighed amounts-of pure pregnandiol were added to 100 ce. aliquots of 
pooled samples of male urine. Positive pregnandiol precipitation was ob- 
tained consistently in samples containing 0.50-0.75 mg. of pregnandiol. 
Roughly quantitative estimates of the precipitate could be obtained by 
centrifugation of the final sample in a graduated tube, as shown in Fig. 1. 
The highly variable amounts of precipitate observed during normal preg- 
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nancy and during the luteal phase of the normal cycle are shown in Fig. 2. 

(b) Normal pregnancy. First morning samples from 42 clinic patients 
known to have been normally pregnant were tested from the first to the 
tenth months of gestation. All showed positive pregnandiol precipitation 
which, however, varied greatly in intensity; very strongly positive reac- 
tions, manifested by abundant, flocculent precipitate, were observed most 
frequently during the second and third trimesters. This is in keeping with 
the observation of Venning and Browne (8) that pregnandiol excretion in- 
creases from the fourth month to term. These results are summarized in 
Table I: 


TaBLe I. KNown PREGNANT CONTROLS 


Stage of Pregnandiol Pregnandiol 

Gestation Positive Negative 
First trimester 5 0 
Second trimester 13 0 
Third trimester 24 0 


Pregnandiol excretion during labor and early puerperium was studied 
in 9 patients following normal pregnancy and delivery, and showed the 
early disappearance of pregnandiol from the urine post-partum: 


Pregnandiol Tests 


Patient Days post-partum 
Labor 
1 2 3 4 5 6 
#2 XX XX XX XX x 
#5 xx x x _— are 
#7 xx — 
#8 Xx x 
#9 xx xx x x x 


xx strongly positive pregnandiol precipitate 
x positive pregnandiol precipitate 
— negative pregnandiol test 


(c) Non-pregnant controls. The pregnandiol precipitation test was car- 
ried out in 52 non-pregnant subjects (5 normal males; 47 women). As is 
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1 2 3 4 
Fig. 1. Pregnandiol precipitation test showing recovery after addition of pregnandiol 
to male urine. #1 0.0 mg. pregnandiol added to 100 ml. male urine. #2. 1.0 mg. pregnandiol 
added to 100 ml. male urine. #3. 2.0 mg. pregnandiol added to 100 ml. male urine. 
#4. 3.0 mg. pregnandiol added to 100 ml. male urine. 


TaBLeE II. Non-PREGNANT ConTROLS 


No. Pregnandiol _Pregnandiol 
Patients Positive Negative 
5 Normal males 0 5 
8 Normally menstruating women 

15th day of cycle 0 8 
16th-26th day of cycle 33 2 
11 Prolonged secondary amenorrhea 0 11 
3 Lactation amenorrhea 0 3 
3 Late menopause 0 3 
2 Delayed menses (3 days) 0 2 
1 Postmenopausal bleeding 0 1 
1 Menorrhagia 0 1 
2 Uterine fibroids 0 2 
1 Endometriosis 0 1 
15 Miscellaneous medical conditions 0 15 


on 


Be 
¥ 
q 
g 


356 HAROLD C. MACK AND ARTHUR E. PARKS Volume 7 


shown in Table II, positive pregnandiol tests in non-pregnant women were 
observed only during the luteal phase of the normal menstrual cycle. In 
all other subjects of the control series, negative results were obtained. Six 
normally menstruating women, tested daily during the luteal phases of 24 


1 2 3 4 
Fig. 2. Pregnandiol precipitation test in normal pregnancy and in non-pregnant states. 
#1. Twenty-first day of normal cycle. M.M. Para 0. Gravida 0. Age 22. #2 Normal 
pregnancy—8 weeks. E.L. Para 0. Gravida 1. Age 23. #3. Twenty-third day of normal 
cycle. R.P. Para 2. Gravida 2. Age 27. #4. Normal pregnancy—6 weeks. W.W. Para ]. 
Gravida 3. Age 25. 


cycles, showed pregnandiol excretion on one or more days of each cycle; 
each of 2 normally menstruating women tested similarly during a total of 
11 cycles showed no pregnandiol excretion throughout one cycle. Further 
studies are in progress to determine whether this lack of pregnandiol excre- 
tion can be related to anovulatory menstruation. The duration of positive 
pregnandiol tests varied greatly in this group, as did also the intensity of 
the reaction. 

Repeated tests in 11 patients with prolonged secondary amenorrhea were 
consistently negative. These findings support the views of Buxton (4), 
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Hain and Robertson (7), Wilson and Randall (10) and others that preg- 
nandiol excretion in the presence of amenorrhea in otherwise normally and 
regularly menstruating women is presumptive evidence of pregnancy. As 
pointed out by Morrow and Benua (8), false positive pregnancy tests may 
be expected in instances of late ovulation with resulting prolongation of 
the cycle so that corpus luteum activity may be at its peak when the usual 
bleeding period has been passed. 


CLINICAL APPLICATIONS 


The diagnostic value of the pregnandiol precipitation test was next 
judged from 121 routine samples submitted to the laboratory for the diag- 
nosis of pregnancy. Simultaneous Friedman reactions, performed in all 
but one instance, permitted a comparison of the accuracy of these two tests. 
Additional studies were made of 1 case of hydatidiform mole, with nega- 
tive pregnandiol and positive Aschheim-Zondek test and 14 cases of threat- 
ened abortion. The latter study was carried out to test Guterman’s claim 
(6) that the fate of threatened abortion can be predicted with accuracy by 
pregnandiol excretion levels during the period of symptoms. 

Normal pregnancy. Correct positive pregnandiol tests were obtained in 
65 of 67 patients who, on subsequent follow-up were found to have been 
normally pregnant; the Friedman test was correct in 66 of 67 instances. 
These results are summarized in Table III: 


TABLE III. NorMAL PREGNANCY 


Pregnandiol Test Friedman Test 
Cones Auammpetnen Correct False Correct False 
positive negative positive negative 

8 1 week 8 0 7 1 
6 2 weeks 5 1 6 0 
4 3 weeks 4 0 4 0 
a 4 weeks 7 0 7 0 
19 Over 4 weeks 18 1 19 0 
23 Unknown 23 0 23 0 
67 65 2 66 1 


The earliest positive diagnoses of pregnancy were made during the first 
week of amenorrhea. Serial determinations of pregnandiol excretion from 
the luteal phase of the cycle through the early phases of amenorrhea per- 
mitted a presumptive diagnosis prior to the 35th day. 
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‘ Mrs. E., Age 27. Para 1. Normal, regular cycles. Last menses Sept. 11, 1946: 

Sept. 26-Oct. 2, 1946—15th—21st days of cycle. Pregnandiol negative 
Oct. 3, 1946— 22nd day of cycle. Pregnandiol positive (x) 
Oct. 4, 1946— 23rd day of cycle. Pregnandiol positive (x) 
Oct. 5, 1946— 24th day of cycle. Pregnandiol negative 

Oct. 6-Oct. 15, 1946—25th-34th days of cycle. Pregnandiol positive (x) 
Oct. 16, 1946— 35th day of cycle. Pregnandiol positive (xx); Friedman, 

positive 

Two false negative pregnandiol tests were reported on the 41st and 81st 
days after normal menstruation in patients now known to have been 
normally pregnant; one false negative Friedman test was obtained on the 
32nd day following menstruation. 

Non-pregnant states. Correct negative pregnandiol tests were reported 
in 51 of 54 patients in whom pregnancy was subsequently excluded. The 
Friedman test was correct in all instances. These results are tabulated in 
Table IV: 


TABLE IV. Non-PREGNANT STATES 


Pregnandiol Test Friedman Test 
Correct False Correct False 
negative positive negative positive 

10 Delayed menses 8 2’ 10 0 
12 Secondary amenorrhea 11 1 12 0 
2 Meno-metrorrhagia 2 0 2 0 
2 Post-abortion 2 0 2 0 
3 Oligomenorrhea 3 0 3 0 
1 Ovarian cyst 1 0 1 0 
2 Lactation amenorrhea 2 0 2 0, 
2 Salpingitis-suspected ectopic 2 0 2 0 
3 Fibroids 3 0 3 0 
1 Ovarian abscess 1 0 1 0 
1 Pseudocyesis 1 0 
15 No data 15 0 15 0 
54 51 3 53 0 


Three false positive pregnandiol tests were reported in patients with 
menstrual irregularities as follows: 


Mrs. W.S. Para 0, gravida 0. Age 32. Irregular cycles with prolonged intervals; 
treated for sterility with equine gonadotropin. Spontaneous menstruation after 48 days 
of amenorrhea. 

Mrs. T.C. Delayed menses. No exact data as to menstrual history were available. 

Mrs. K. Para 2, gravida 2. Age 41. Scant bleeding 9-25-46 to 10-12-46. 11-15-46 
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Pregnandiol x. Curettage, 11-25-46, showed proliferative endometrium. Normal menses 
12-8-46. 


In two instances cited, the possibility of delayed ovulation and corpus 
luteum activity may account for the false positive pregnandiol test. As 
stated previously, pregnandiol excretion gives consistent evidence of pre- 
sumptive pregnancy only in the presence of amenorrhea in otherwise regu- 
larly menstruating women. False positive pregnancy tests can thus be 
anticipated when cycles are frequently prolonged and irregular. In such 
instances the Friedman test should be performed additionally. Understand- 
ing of hormonal relationships is as essential for the proper interpretation 
of pregnancy tests as is knowledge of diseases which influence serologic - 
tests for syphilis. The pregnandiol test, as well as the Friedman test, 
must be considered aids to the clinical diagnosis, rather than the diag- 
nosis itself. 

Threatened Abortion. The reports of Browne, Henry and Venning (2) 
and, more recently, Guterman (6) suggesting the prognostic significance of 
diminishing or absent pregnandiol excretion in instances of threatened 
abortion prompted a study of 14 of such cases with our precipitation 
technic. 

(1) Threatened abortion terminating in actual abortion. Eight patients 
with bleeding in early pregnancy were tested repeatedly; positive Fried- 
man tests corroborated the clinical diagnosis of pregnancy in each case. In 
7 instances, termination of pregnancy was preceded by one or more nega- 
tive pregnandiol tests; in 3 cases, strongly positive tests became negative 
during the period of observation before abortion; in 4 cases, the preg- 
nandiol tests were negative and remained negative despite persistently 
positive Friedman tests until abortion occurred. One patient (Mrs. R.B.) 
continued to excrete large amounts of pregnandiol despite abortion follow- 
ing spontaneous rupture of the membranes at 53 months’ gestation. The 
pregnancy was terminated by injections of pituitary extract when abor- 
tion appeared inevitable. The fetus was normally developed. It is possible 
that pregnandiol excretion might have ceased had the abortion been al- 
lowed to follow its natural course. It seems likely also that quantitative 
determinations might have shown a decline in pregnandiol excretion 
which was not shown by the qualitative precipitation method because of 
the large amounts normally formed in the second and third trimesters. 

The record of one patient of this series is of particular interest. 


Mrs. E.L. Age 23. Para 0, gravida 1. This patient volunteered to furnish daily samples 
of urine for pregnandiol studies after a diagnosis of pregnancy was established by Fried- 
man and pregnandiol tests on the 41st day following normal menstruation. With the 
exception of one day (61st day) positive pregnandiol tests were obtained until the 66th 
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TABLE V. THREATENED ABORTION 
Tests 
Pat. Age | Para|Grav. L.M.P. Symptoms Clinical Result 
Preg. Date Fried. 
F.R. 36 0 1 3- 8-46 | Removal corp. lut. xx 6- 1-46 xx 
xx 6- 4-46 
Bleeding xx 6- 5-46 
Bleeding xx 6- 6-46 
Bieeding xx 6- 8-46 
Bleeding xx 6- 9-46 
Bleeding xx 6-14-46 
Bleeding x 6-17-46 
Bleeding — 6-20-46 Norma! delivery 
xx 7- 2-46 12-30-46 
H.P. 23 1 2 9- 6-46 Resection cystic _— 10-23-46 
ovary x 10-24-46 
10-25-46 
10-26-46 
10-28-46 
Bleeding — 10-29-46 xx 
Bleeding _ 10-30-46 
Bleeding — 1l- 5-46 Xx 
Bleeding 1l- 7-46 
_ 11-12-46 
x 11-19-46 
xx 12-20-46 
xx 1- 4-47 
xx 1- 6-47 Normal pregnancy 
PF, 30 1 2 May '46 | Spotting 4 months xx 9-19-46 
Profuse bleeding xx 9-19-46 
9-18-46 xx 9-23-46 
xx 9-24-46 Normal pregnancy 
J.M. 38 1 2 6- 9-46 | Bleeding 8-12-47 xx 8-24-46 xx 
to — 9- 3-46 
8-27-47 xx 9- 9-46 Normal pregnancy 
FS. 2 2 4-17-46 | Severe cramps xx 7-29-46 xx 
No bleeding xx 7-30-46 
xx 7-31-46 
xx 8- 1-46 
xx 8- 2-46 Normal pregnancy 
G.H. 30 2 3 7-10-46 | Bleeding 12-19-46 xx 12-19-46 Pregnancy progress- 
to 12-30-46 xx 12-23-46 ing normally. Pla- 
xx 12-30-46 centa praevia 
E.L. 23 0 1 8-21-46 | None xx 10- 2-46 xx 
xx 10- 8-46 
xx 10- 9-46 
xx 10-11-46 
xx 10-14-46 
xx 10-15-46 
xx 10-16-46 
xx 10-18-46 
10-22-46 
xx 10-23-46 
xx 10-24-46 
xx 10-25-46 
_ 10-26-46 
_ 10-27-46 
_ 10-28-46 xx 


10-31-46 
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Pat. 


Age 


Para 


Grau. 


L.M.P. 


Symptc ms 


Tests 


Preg. 


Date 


Fried. 


Clinical Result 


Bleeding 


1l- 146 
11- 2-46 
1l- 3-46 
1l- 8-46 
11-10-46 


Aborted 


38 


8-13-46 


Bieeding 11-7-46 


11-15-46 
11-16-46 
11-18-46 
11-19-46 
11-22-46 
11-25-46 
11-27-46 
11-29-46 


xx 


Missed abortion 


May '46 


Bleeding 8-6-46 


7-19-46 
8- 8-46 
8-10-46 
8-12-46 


Aborted 


Mrs. P. 


31 


5-20-46 


Bleeding 7-3-46 to 
8-10-46 


8-10-46 
8-17-46 


Aborted 


J.T. 


28 


10-15-46 


Bleeding 15-25-46 


12-27-46 
12-30-46 
1- 5-46 
1- 6-46 


xx 


Aborted 


RS. 


23 


9-10-46 


Bleeding 11-17-46 


11-20-46 
11-21-46 
11-22-46 
11-23-46 
11-25-46 
12- 4-46 


Aborted 


R.H. 


24 


Bleeding 1-1-47 


1- 8-47 
1-11-47 
1-12-47 
1-13-47 
1-14-47 
1-16-47 


xx 


Aborted 


R.B. 


29 


5-22-46 


Bleeding 9-18-46 


Spont. rupt. mem- 
branes 


9-19-46 
9-21-46 
9-23-46 
10- 4-46 
10- 9-46 
10- 9-46 
10-16-46 
10-27-46 
10-28-46 
11- 9-46 


Aborted, 5 mo. 


day. Thereafter, with the exception of one positive result (x), negative values were ob- 
tained. Uterine cramps and bleeding began spontaneously on the 73rd day; abortion 
took place on the 80th day. Negative pregnandiol tests were thus observed 6 days before 
the onset of symptoms; a positive Friedman test was obtained two days before termina- 
tion of the pregnancy. 
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(2) Threatened abortion with retention of pregnancy. Five cases of threat- 
ened abortion with spontaneous remission of bleeding and cramps, and 
one instance of severe uterine cramps without bleeding necessitating 
hospitalization, were studied in this group. Consistently positive preg- 
nandiol tests were obtained in four cases throughout the duration of 
symptoms; in one case (Mrs. H.P.), negative pregnandiol tests persisting 
during the bleeding period, later became strongly positive when symptoms 
subsided. The following cases are worthy of special comment: 


Mrs. F.R. Age 30. Para 0, gravida 1. A corpus luteum cyst complicating pregnancy 
was removed on the 84th day after normal menstruation; the remaining ovary contained 
no corpus luteum. Slight bleeding was noted prior to discharge from the hospital on the 
8th post-operative day despite daily doses of 30 mg of progesterone. Intense bleeding and 
cramps continued during the ensuing 14 days with passage of clots. Pregnandiol tests, 
with one exception, remained strongly eine. The pregnancy continued uneventfully 
to normal delivery at term. 


Mrs. H.P. Age 23. Para 1, gravida 2. Resection of the cystic portion of an ovary con- 
taining the corpus luteum was performed on the 46th day after normal menstruation; 
the corpus luteum was retained. Bleeding began 24 hours after operation and continued 
for 19 days. Anhydrohydroxy-progesterone (15 mg. daily) was administered orally dur- 
ing this period. Pregnandiol tests remained negative from the 47th until the 75th day 
when bleeding stopped. Strongly positive tests have been obtained subsequently. The 
pregnancy is progressing normally. 


This small series suggests the practical usefulness of serial pregnandiol 
determination as an adjuvant to the management of threatened abortion 
and corroborates the work of Guterman. While there is no evidence to 
suggest the cause of progesterone deficiency, whether primary corpus 
luteum failure or disrupted placental function, it seems clear that endo- 
crine factors may be responsible in some instances, as had been previously 
suspected without proof. It seems equally clear that non-endocrine causes 
(developmental, mechanical) may be responsible for others, despite normal 
corpus luteum and/or placental function. The possibility of successful 
progesterone replacement therapy is suggested in instances where diminish- 
ing or absent pregnandiol excretion is detected early in the course of . 
symptoms. The administration of large doses of progesterone (at least 100 
mg. daily) would seem essential. At present commercial rates, such amounts 
are economically prohibitive. 


SUMMARY 


1. The technic of a greatly simplified and rapid test for the detection of 
urinary pregnandiol is presented. 

2. The practical usefulness of this procedure for the diagnosis of preg- 
nancy was demonstrated in 94 pregnant and non-pregnant controls and in 
121 unknown urine samples. All known pregnancy control urines gave 
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positive tests. Negative pregnandiol tests were obtained in all non-preg- 
nant controls except for determinations made during the luteal phase of 
the normal menstrual cycle. Two false negative reactions were obtained in 
67 unknown samples where normal pregnancy was subsequently de- 
termined clinically. Three false positive reactions were recorded in 54 
unknown samples where pregnancy was later excluded. 

3. False positive pregnandiol tests for pregnancy may be obtained dur- 
ing delayed luteal phases of prolonged cycles where late ovulation has 
occurred. This limits the accuracy of the pregnandiol test which is most 
reliable in amenorrhea of otherwise normally and regularly menstruating 
women. 

4. The pregnandiol test was applied in serial determinations in 14 in- 
stances of threatened abortion. The clinical outcome coincided with 
laboratory findings in 13 cases. Consistently negative pregnandiol tests 
foreshadowed abortion in 7 cases; consistently positive pregnandiol excre- 
tion or negative tests which became positive coincided with retention of 
the pregnancy in 6 cases. In one instance of abortion at 53 months strongly 
positive qualitative tests were obtained. 

5. The high degree of accuracy shown suggests the practical usefulness 
of the pregnandiol precipitation test as a rapid method for the diagnosis of 
pregnancy and as an adjuvant to the management of threatened abortion. 
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THE METABOLISM OF SINGLE THERAPEUTIC 
DOSES OF THE NATURAL ESTROGENS IN 
HUMAN SUBJECTS* 


BENJAMIN F. STIMMEL 
From the Rees-Stealy Medical Research Fund, Ltd., San Diego, California 


SOLATION and identification studies of the urinary metabolites of 

massive doses of the natural estrogens in human subjects (1-4) have 
revealed (a) that estriol apparently is not converted to estrone or estradiol, 
(b) that estrone and a-estradiol are partially interconvertible and the in- 
jection of either leads to the excretion of estriol also, and (c) that only a 
small fraction of the injected material is recovered in estrogenically active 
forms. There is a need (12) for a simple chemical procedure for estimat- 
ing the extent of destruction, utilization, or interconversion of therapeutic 
doses of the natural estrogens in human subjects in various states of 
health and disease. 

We have shown that a liquid chromatogram technique may be utilized 
to fractionate ternary mixtures of crystalline estrone, a-estradiol, and 
estriol (9, 10) and that it may be incorporated in a procedure for the frac- 
tionation and photometric estimation of the estrogens in human preg- 
nancy urine (10) and in urine with low estrogen titer (11). The following is 
a report of some preliminary observations on the application of this pro- 
cedure to a study of the metabolism of therapeutic doses of the natural 
estrogens in human subjects, as indicated by the photometric estimation of 
urinary estrogens in the post-injection period. 


EXPERIMENTAL 


The individuals from whom the data herein described were derived, 
were technicians within the institution. They were, therefore, trained in 
the accurate collection of twenty-four hour urine specimens (8 a.m. to 
8 asm.). No subject presented any menstrual molimina except that asso- 
ciated with the indicated surgery. None was receiving any other form of 
medication at the time of the tests. The hormone medication? was ad- 
ministered at 5 p.m. and unless otherwise indicated all urine voided after 


Received for publication January 10, 1947. 

* Read in part before the Section on Biological Chemistry at the meeting of the 
American Chemical Society in Chicago on September 16, 1946. 

+ Pharmaceutical preparations were drawn from our pharmacy stock. Parke, Davis 
& Company preparations of estrone (theelin in oil) and estriol (theelol kapseals), and 
Schering Corporation preparations of a-estradiol benzoate (progynon-B) and proges- 
terone (prolutin) were used. 
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treatment on the day of medication was included in the specimen collected 
the following day. Two hundred ml. of butyl alcohol was used as a pre- 
servative for each twenty-four hour specimen. Rest periods of at least one 
week intervened between each experiment. 


METHOD 


Each twenty-four hour urine specimen was extracted with butyl alcohol 
as previously described (10) and the aqueous extract of the residue there- 
from was hydrolyzed as described in a subsequent publication (11). Excre- 
tion values for the estrone, estradiol, and estriol fractions were calculated 
by use of a color correction equation for the Kober reagent (11) following 
their fractionation by our liquid chromatogram technique (9,10). 


DISCUSSION 


The data from a bilaterally ovariectomized-hysterectomized female fol- 
lowing the ingestion of 1.92 mg. of estriol is summarized in Figure 1. 


350 
2 300|_ 
« 
250 
© 
e 200;_ 
3 Estrone - O 
% Betradiol - © 
Bstriol- 
= 
50 
ingestion 1 2 3 4 6 
Total 
strone (-1) 1 0 (<6 
Estradiol 3 (-1) (-2) (-2) (-3) (-5 
Bstriol 312 228 40 19 10 4 611 


Total 600 - 31% 


Fig. 1. Photometric estimation of the urinary excretion of estrogens by a bilaterally 
ovariectomized-hysterectomized human female after the ingestion of 1.92 mg. of estriol. 


The negative values (in parentheses) arise from the utilization of a color correction 


equation. 


Virtually all of the estrogen excretion occurred during the first three days 
after ingestion and there is no observable conversion of estriol to estrone 
and estradiol. The negative excretion values in the table arise from the use 
of a color correction equation with the Kober reagent (11) which we have 
shown involves an uncertainty factor of plus-minus 7 micrograms of 
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estrone, plus-minus 10 micrograms of estradiol, and plus-minus 5 micro- 
grams of estriol per twenty-four hour urine specimen. We have shown (11) 
that crystalline estrone and a-estradiol added to our urine extracts im- 
mediately after hydrolysis are recovered in the appropriate filtrate fraction 
in the range of 80 to 100 per cent, and crystalline estriol in the range of 60 
to 70 per cent. Therefore the 31 per cent recovery of ingested estriol should 
represent an actual excretion of at least 40 to 50 per cent. This is in agree- 
ment with previously reported work using larger doses of estriol and 
bioassay techniques (4, 5). 

The urinary excretion data following intramuscular injection of 1.0 mg. 
of estrone in oil into the same human subject is shown in Figure 2. The 


80 
© 6q_ 
5q_ 
4Q_ 
Eetrone - O 
2 Estradiol -© 
20 Estriol- @ 
10 
Days after | | 
injection 1 2 
Estrone 19 7 1 (-1) 98 
Bstradiol 24 10 4 1 (-2) (-2) 35 
2 0 0 64 


Betriol 30 21 11 
Total 197-19.7% 


Fig. 2. Photometric estimation of the urinary excretion of estrogens by a bilaterally 
ovariectomized-hysterectomized human female after the injection of 1.0 mg. of estrone. 
The negative values (in parentheses) arise from the utilization of a color correction 


equation. 


excretion values of all three fractions for the first twenty-four hours are of 
. sufficient magnitude to indicate conversion of the administered estrone to 
estradiol and estriol. The total amount of estrogen recovered (19.7 per 
cent) is significantly less than that recovered from the oral ingestion of the 
less active estriol (40-50 per cent), but considerably higher than that re- 
ported in a similar study on a bioassay basis by Smith et al. (2.8 per cent) 
(5). Unconverted estrone is the principal estrogenic factor excreted in the 
first twenty-four hour period; it is displaced thereafter by estriol. This is in 
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agreement with the findings of Smith et al. (6) for a larger dose of estrone. 

The liquid chromatogram technique for the first twenty-four hour urine 
specimen in the above study was modified so that each chromatographic 
filtrate fraction totaling 100 ml. of eluent was collected in 20 ml. portions 
and the estrogen content of each aliquot separately determined. The 
chromatographic dispersion of the estrogens in these aliquot portions of 
the eluate is similar to that shown by ternary mixtures of crystalline 
estrone, a-estradiol, and estriol in pure solution (9) (Chart 1). 


BSTRONE SSTRADIOL ESTRIOL 


Micrograms per 
20 ml. of filtrate 


16 


Filtrate) 1 2/3] 4/5 |6 | 7 | 8 | 9/20 14) 15 
no. 
Bluent |2$methanol-densane | Sémethanol-bensene| 30$methanol-benzene 


Cuarr 1. Distribution of urinary estrogens in successive 20 ml. filtrate fractions of a 
liquid chromatogram prepared from 24-hour urine specimen collected after injection of 
1.0 mg. of estrone in a bilaterally ovariectomized-hysterectomized human female. 


Schiller and Pincus (4) have shown that massive doses of estrone ap- 
parently undergo the same course of estrogen conversion in the human 
male as has been postulated for the human female. Accordingly, we re- 
peated our study of estrone metabolism in a normal male subject, using 1 
mg. of estrone as in the foregoing study. A comparison of these results 
with those of the first three days of the previous study reveals a remark- 
able similarity of the two sets of data (Fig. 3). This finding suggests that 
the absence of ovaries and uterus places the female human subject on 
approximately the same basis as the normal male, insofar as the capacity 
to metabolize estrone is concerned. 

The urinary excretion data following the injection of 1.6 mg. of a- 
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estradiol benzoate equivalent to 1.2 mg. of a-estradiol into the bilaterally 
ovariectomized-hysterectomized human female is shown in Figure 4. It is 
to be noted that the titer for estradiol at no time exceeds the uncertainty 
factor (10 micrograms) for our procedure. However, there is obvious con- 


version to estrone and estriol and practically all of the estrogen excretion 


Sstrone - 
80|_ Estradiol -@ 
Sstriol - 


Micrograms excreted 


Days after 1 
injection 


| 


1 2 


Estrone 72 19 80 
Estradiol 24 10 26 11 
astriol 30 21 30 12 


Fic. 3. Comparison of the urinary excretion of estrogens by (a) a bilaterally ovari- 
ectomized-hysterectomized human female and (b) a normal human male, after the in- 
jection of 1.0 mg. of estrone. 


occurs in the first three days in spite of the conjugated state of the in- 
jected hormone. The over-all recovery of injected estrogen is significantly 
less than for either estrone or estriol. A similar study (to be published) 
following the injection of 2.5 mg. of a-estradiol dipropionate (equivalent 
to 1.77 mg. of a-estradiol) intramuscularly in a castrate male subject 
revealed practically negligible estrogen excretion. These studies would 
suggest that conjugation of the female sex hormones before administra- 
tion does play some role in the manner in which therapeutic doses of the 
estrogen are metabolized. 

An attempt to evaluate the possible role of the intact but unprimed 
uterus in the metabolism of the natural estrogens was made by repeating 
some of the previous studies on a bilaterally ovariectomized human female 
whose uterus was still present. The urinary excretion data following the 
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single injection of (a) 1.0 mg. of estrone and (b) 1.0 mg. of estrone plus 
10.0 mg. of progesterone in such a subject is given in Figure 5. In the ab- 
sence of progesterone the daily excretion of all three fractions barely 
exceeded the uncertainty factors for our method. Simultaneous injection of 
progesterone appears to exert a sparing action on the destruction of in- 


2 
3 2 
2 
Estrone - O 
1 Estradiol -@ 
a Bstriol- @ 
“A 
= 
Days after 
injection 6 
3Bstrone 26 19 5 2 0 2 54 
Estradiol 5 5 (-1) 2 (-1) 1 1l 
Estriol 11 22 7 4 2 1 47 
Total 112 - 9.3% 


Fic. 4. Photometric estimation of the urinary excretion of estrogens by a bilaterally 
ovariectomized-hysterectomized human female after the injection of 1.6 mg. a-estradiol 
benzoate (equivalent to 1.2 mg. a-estradiol). The negative values (in parentheses) 
arise from the utilization of a color correction equation. 


jected estrogenic hormone. However, conversion of estrone to estriol is 
not as remarkable as in the normal male. These studies differ in the time 
element from those previously described in that the individual was injected 
at 5 p.m. of the first day of collection. The twenty-four hour collection 
period was terminated in each instance by the first morning specimen. 

In order to determine whether the vehicle in which the estrogen is ad- 
ministered plays a role in the manner in which the estrogen is metabolized 
we injected 2.0 mg. of estrone in aqueous suspension intramuscularly in 
the same subject. The data (Fig. 6) on estrogen excretion for the seven- 
day period including the day of injection indicate that there is little evi- 
dence of a peak of excretion which characterizes the other preparations in oil. 
Presumably there is slower absorption of the hormone from the aqueous 
media and hence more complete destruction before excretion. 


is 
ee 
ae 
i 


370 BENJAMIN F. STIMMEL Volume 7 


a v 
Bstrone -Q 
Bstradiol ~ © 
éstriol- @ 
e 
a 
> 
A 
D ft 
ays a er 4 5 
Py ls, 1 2 3 4 5 1 2 3 
Bstrone 10 13 1 (-4) (-2) 51 20 
Estradiol 22 11 0 1 9 1 
Sstriol 5 (-1) 0 1 21 14 


Fic. 5. Photometric estimation of the urinary excretion of estrogens by a bilaterally 
ovariectomized human female after the injection of (a) 1.0 mg. of estrone, (b) 1.0 mg. 
of estrone plus 10.0 mg. of progesterone. The negative values (in parentheses) arise from 
the utilization of a color correction equation. 


Estrone -O 
401_ Estradiol -@ 
Estriol -@ 
10)_ 
Days after 1 2 3 4 5 6 7 
injection 
Estrone 6 18 5 8 10 6 4 
Estradiol 12 13 8 ¥ Pa (-3) (-3) 4 
Estriol 0 3 4 4 4 3 3 


T:*al 120 - 6% 


Fic. 6. Photometric estimation of the urinary excretion of estrogens by a bilaterally 
ovariectomized human female after the injection of 2.0 mg. estrone in aqueous suspen- 
sion intramuscularly. The negative values (in parentheses) arise from the utilization of 
a color correction equation. 
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The urinary estrogen excretion values of a normal human female after 
the ingestion of 1.44 mg. of estriol (a) during the first half of the menstrual 
cycle and (b) during the second half of the cycle are summarized in Figure 
7. A positive pregnanediol glucuronidate determination was obtained 
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Days after ; 

Saavevies 1 2 3 4 O 1 2 3 
Estrone 23 19 11 18 24 16 ~ Ua 
Betradiol 12 12 11 8 17 16 17 
&striol 236 31 18 11 270 33 18 


Fig. 7. Urinary excretion of estrogens by a normal human female after ingestion of 
1.44 mg. of estriol (a) during the first half of the menstrual cycle, (b) during the second 
half of the menstrual cycle. 


during the second half of the cycle, thus indicating the presence of a 
progestational endometrium. The excretion of the ingested estriol closely 
parallels the values obtained following the ingestion of estriol by the 
bilaterally ovariectomized-hysterectomized female. The amounts of estro- 
gen appearing in the estrone and estradiol fractions are of the same order 
as those excreted by a normal non-treated female and thus do not represent 
probable conversion of the estriol. 

Urinary estrogen excretion values were determined following the injec- 
tion of 1.0 mg. of estrone (a) during the first half of the menstrual cycle and 
(b) during the second half of the cycle, in the case of a normal human 
female (Fig. 8). In each instance the hormone was injected at 5 p.m. of the 
first day of collection. The excretion values are not of an order to draw any 
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clear-cut conclusions. There is indication of a peak of estrogen excretion 
during the second day but the values closely approximate those associated 
with non-treated subjects. This elevation was more marked in the second 
half of the cycle and cannot be attributed to the sparing action of proges- 
terone since our tests for pregnanediol during the second half of this par- 


| 
Estrone - O 


50|__ Estradiol - © rs 
Estriol - @ 


Zine Dust-HC1 
hydrolysis 


injection 1 2 3 4 5 1 2 3 4 5 
Estrone 15 20 14 10 § 17 33 30 23 20 
Estradiol 14 16 13 12 9 14 19 17 60 30 
Estriol ° 2 7 5 4 11 20 23 20 21 


Fic. 8. Photometric estimation of the urinary excretion of estrogens by a normal 
human female after the injection of (a) 1.0 mg. of estrone during the first half of the 
menstrual cycle, (b) 1.0 mg. of estrone during the second half of the menstrual cycle. 
The last two urine specimens were subjected to zinc dust-hydrochloric acid hydrolysis 
according to the method of Smith and Smith (7). 


ticular cycle were negative and it is assumed therefore that a progestational 
endometrium was not present. The data of days 4 and 5 in the second 
half of the cycle are worthy of comment since they show the effect of a re- 
ducing medium during the hydrolysis of the conjugated urinary estrogens. 
Smith and Smith (8) have reported that the enhanced estrogenic activity 
of such urinary extracts is greater than can be accounted for by assuming 
conversion of estrone to a-estradiol or more complete hydrolysis. Our 
limited information on the subject as indicated by the urinary excretion 
values for days 4 and 5 seems to lend support to their view. 

Our data on the metabolism of therapeutic doses of the natural estrogens 
in human subjects qualitatively agree with the data on massive doses as 
summarized by Schiller and Pincus (4). Since the work herein reported was 
of an exploratory nature in order to give some indication of the type of 
human subjects, of hormone preparations, and of dosages most likely to 
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yield significant data by our method of fractionation and photometric 
estimation’ of urinary estrogens we feel that quantitative comparisons at 
this time would be premature. Further work of a similar nature is in 
progress on human subjects with certain types of malignant neoplasms. A 
report of this work will appear at a later date. 


SUMMARY 


Sufficient material has been presented to demonstrate that our method 
for the fractionation and photometric estimation of the estrogens in human 
urine is adequate in general to elicit significant information regarding the 
metabolism of therapeutic doses of the natural estrogens in various stages 
of health and disease. Preliminary studies indicate that the procedure 
might possess possibilities in evaluating the functional status of various 
target organs involved in the metabolism of the natural estrogens. 
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The Laurentian Hormone Conference of the A.A.A.S. will meet from 
September 8 to September 13, 1947 at the Ste. Adele Lodge, Ste. Adele, 
Quebec. The following program has been arranged: 


Il. 


IV. 


LAURENTIAN HORMONE CONFERENCE 


Hormones in Growth and Metabolism 
The Mechanism of Action of the Plant Growth Hormones 
Dr. Kenneth V. Thimann, Harvard University 
Monday evening, September 8. 
The Biochemistry of Pituitary Growth Hormone 
Dr. Choh Hao Li, University of California 
Tuesday morning, September 9. 
The Effects of Hormones, Vitamins and Other Substances on Adrenal 
Function and Lipid Metabolism 
Dr. Robert H. Williams, Thorndike Memorial Laboratory, Boston 
City Hospital 
Tuesday morning, September 9. 
Steroid Hormones 
New Syntheses in the Field of Estrogens 
Dr. K. Miescher, Ciba Limited, Basle, Switzerland 
Tuesday evening, September 9. 
Steroid Excretion in Health and Disease 
1. Chemistry 
Dr. Seymour Lieberman, Memorial Hospital, New York City 
Wednesday morning, September 10. 
2. Clinical Aspects 
Dr. Konrad Dobriner, Memorial Hospital, New York City 
Wednesday morning, September 10. 
Urinary Steroids in Adrenal Disease 
Dr. H. L. Maxon, Mayo Clinic 
Wednesday evening, September 10. 
Histochemical and Histophysical Methods in Hormone Research 
The Chemical Histology of Endocrine Glands 
Dr. Edward W. Dempsey, Harvard University 
Thursday morning, September 11. 
Localization of Radioactive Compounds in Tissues 
Dr. C. P. LeBlond, McGill University 
Thursday morning, September 11. 
Testis Physiology and Function 
The Biology of the Interstitial Cells of the Testis 
Dr. Charles W. Hooker, Yale University 
Thursday evening, September 11. 
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The Testis in Human Hypogonadism 

Dr. Warren O. Nelson, University of Iowa ~ 

Friday morning, September 12. 
Some Observations as to the Role of Testicular Secretions 

Dr. James B. Hamilton, Long Island College of Medicine 

Friday morning, September 12. : 
Regarding the Gonadotrophic Gonad Axis in Men 
Dr. Carl G. Heller, University of Oregon 
Friday evening, September 12. 
V. Hormones and Hypertension 
The Renal Pressor System and Hypertensive Disease 
Dr. A. C. Corcoran, the Cleveland Clinic Foundation 
Saturday morning, September 13. 
Hypertension as a Disease of Adaption. 
Dr. Hans Selye, University of Montreal 
Saturday morning, September 13. 

Membership in the Conference is limited by the facilities of the 
Lodge and is therefore established by invitation. Applications for member- 
ship by active investigators in the hormone field will be received by the 
Committee on Arrangements and its advisory committee. The members 
of the advisory committee are Drs. B. J. Brent, H. M. Evans, H. B. Fried- 
good, R. G. Hoskins, H. Jensen, F. Koch, I. T. Nathanson, L. T. Samuels, 
E. Schwenk, M. L. Tainer, A. White. Application for membership may be 
made up to June 30, 1947. 

Conference members are given a special convention rate of $7.70 
(Canadian) a day per person. A limited number of accommodations are 
available for wives and children of Conference members. Applications 
should state if reservations for family members are desired. 

The Proceedings of the Conference are published as a book by the 
Academic Press. Volume I is now available under the title Recent Progress 
in Hormone Research. 

R. W. Bares 

R. D. H. Hearp 

GreGory Pincus, Chairman 
Committee on Arrangements 


Abstracts of 
CURRENT ENDOCRINE LITERATURE 


Editor; D. A. McGinty. Collaborators: A. R. ABARBANEL, F. N. ANDREWS, B. L. BAKER, 
F. A. DE LA BALZE, ISRAEL BRAM, R. A. CLEGHORN, RUCKER CLEVELAND, C. D. DAVIS, 
ANNA FORBES, M. B. GORDON, H. 8. GUTERMAN, M. M. HOFFMAN, R. G. HOSKINS, C. D. 
KOCHAKIAN, H. 8. KUPPERMAN, H. L. MASON, JANET W. MCARTHUR, THOMAS H. MCGAVACK, 
A. E. MEYER, K. E. PASCHKIS, A. B. PINTO, J. R. REFORZOMEMBRIVES, E. C. REIFENSTEIN, 
JR., G. G. RUDOLPH, L. T. SAMUELS. . 


PITUITARY 


Crarts, R. C. The effects of iron, copper, and thyroxine on the anemia 
induced by hypophysectomy in the adult female rat. Am. J. Anat. 79: 
267-291 (1946). 


Hypophysectomy of adult female rats induced a microcytic hypochromic anemia 
accompanied by bone marrow hypoplasia involving the formation of erythrocytes. Since 
injections of thyroxine, iron and copper prevented the microcytosis and bone marrow 
hypoplasia, reduced the hypochromia and maintained a normal erythrocyte count, the 
author concluded that the anemia following hypophysectomy probably results from 
faulty metabolism which may involve iron.—B.L.B. 


FELDMAN, F., J. B. 8. SussELMAN, AND B. Lipetz. Coincidence 
of diabetes mellitus and hypopituitarism. Arch. Int. Med. 79: 322 
(1947). 


This is the case report of a woman 50 years old with diabetes mellitus, in whom the 
pancreas, thyroid, adrenal cortex and pituitary gland seem to have deviated from 
normal. At the age of 19, she required a thyroidectomy for hyperthyroidism. At 38, she 
was found to be diabetic and required insulin in dosages as high as 35 to 50 units daily 
for a period. Three months before her death, a hypopituitary-hypoadrenal syndrome, 
including hypoglycemic crises, developed. At autopsy, the pituitary gland was found to 
be almost completely destroyed, with secondary changes in the adrenal cortices. The 
patient’s diabetes gradually improved as the hypopituitarism became more severe, and 
she died after a prolonged course in the hospital marked by several hypoglycemic epi- 
sodes. The relationships of the pituitary, adrenal cortex and pancreas are reviewed with 
special reference to the so-called Houssay phenomenon. This is apparently the fourth 
recorded case representing this phenomenon.—1.B. 


InGRAHAM, F. D., anv H. W. Scort, Jr. Craniopharyngiomas in children. 
J. Pediat. 29: 95, 1946. 


A summary is given of the authors’ experience with craniopharyngiomas in 16 chil- 
dren observed at the Children’s Hospital and the Peter Bent Brigham Hospital, Boston 
during 1935 to 1945. Detailed histories of two cases are presented: 1) that of a 6 year 
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old girl who succumbed to pneumonia after 4 operations, and 2) that of a 13 year old boy 
with progressive loss of vision and “psychic seizures” who was returned to a normal 
existence by surgery and roentgen therapy. Embryologic, pathologic, physiologic, and 
therapeutic aspects of craniopharyngiomas in children are discussed. The pathologic 
physiology of these 16 cases is described under 4 headings: visual disturbances, intra- 
cranial hypertension, hypophyseal disorders, and hypothalamic disorders. The lesions 
may be located so as to compress either or both the hypophysis and the hypothalamus, 
with consequent variation in the clinical picture. The most common symptoms in 
children are headache and vomiting and, in adults, visual disturbances. Progressive loss 
of vision occurred in 9, arrested growth in 5, and diabetes insipidus in 3 patients. This 
latter syndrome more commonly developed as a transitory sequel to operation. Fréhlich’s 
syndrome (dystrophia adiposogenitalis) was not encountered. Various overt forms of 
hypothalamic disorders developed in less than one-third of the cases, usually in the 
advanced stage after unsuccessful surgery. Ocular and visual field examinations were 
the most consistent in revealing abnormal physical findings. No laboratory findings were 
particularly helpful in diagnosis, and indications of anterior pituitary deficiency (de- 
pressed basal metabolic rate, reduced blood iodine level, and depressed urinary 17-ketos- 
teroid excretion) were more valuable in following the course of the disease than in 
establishing the diagnosis. Roentgenograms of the skull showed abnormalities in all of 
the patients: calcification above the sella turcica was present in 8, calcification in the 
sella in 2, evidence of increased intracranial pressure (separated sutures, convolutional 
atrophy, and erosion of clinoid processes) in 7 and enlargement and distortion of the 
sella turcica in 8. Significant retardation of bone age as estimated from ossification 
centers of the wrists was encountered in 5 cases. The diagnosis was made without diffi- 
culty in 10 of the patients. Surgical exposure of the cyst by transfrontal craniotomy 
with aspiration of contents and removal of as much as possible of the cyst wall was 
carried out on all of the cases. Of the series of 16 patients, 11 died from the late effects 
of the tumor or direct operative complications; and 5 survived, of which two are con- 
sidered to be “cures.” Three children were subjected to 4 craniotomies. The sexes were 
equally distributed in the groups of patients. Of 190 intracranial tumors verified at the 
Children’s Hospital from 1933 to 1945, 12 were craniopharyngiomas, an incidence of 6.3 
per cent in children under 15 years of age. In Cushing’s series of 2,000 verified intra- 
cranial tumors at all ages, the incidence was 4.6 per cent. The authors conclude that 
despite the rather discouraging results obtained by surgical treatment, there is no other 
logical approach to the problem presented by craniopharyngiomas, although a critical 
appraisal must be made of roentgen therapy as an adjunct to surgery in the management 
of these tumors.—E.C.R., Jr. 
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Foss, H. L., anp H. M. Kuincer. Hyperthyroidism without goiter. 
Pennsylvania M. J. 50: 591 (1947). 


The use of thiouracil, propylthiouracil and radioactive iodine is considered in detail. 
The authors point out that hyperthyroidism is encountered even when the thyroid is so 
small that it fails to constitute a goiter. Hence the condition may not be recognized 
until after cardiovascular symptoms have developed when cure is difficult or impossible. 
This inability to demonstrate the existence of a goiter is the chief obstacle to proper 
diagnosis and early therapy of these cases. The authors favor preoperative preparation 
of the patient followed by a bilateral thyroid resection.—I.B. 
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Grasso, R. anp E. De Rosertis. Studies on thyroid stimulating hormone 
using the cytological method, I. Circulating thyroid stimulating hormone 
in rats treated with thiourea. Rev. Soc. argent. de biol. 22: 79-83 (1946). 


The authors have investigated the amount of thyroid stimulating hormone (T.S.H.) 
in the blood of rats treated with thiourea. 20 animals were treated with thiourea, 1% 
in the drinking water, for 13 or 18 days. An extract of their blood was injected into the 
heart of 16 guinea pigs; each guinea pig received an amount of extract corresponding 
to 2 ml. of blood. 6 control guinea pigs received blood extract of non-treated rats. The 
thyroids of the guinea pigs were examined 30 minutes after having received the injec- 
tion and the “cytological coefficient’ of these thyroid glands was determined. This 
“eytological coefficient” is based on the amount of colloid droplets present in the thyroid 
cells, after desiccation of the glands; according to the authors, it gives an index of the 
concentration of thyroid stimulating hormone in the blood assayed. With this technique 
it was found that the blood of the thiourea treated rats, contained an increased concen- 
tration of T.S.H. The increase was more marked in the blood of rats treated during 13 
days than in those treated for 18 days. The authors interpret their findings as a direct 
proof that treatment with thiourea produces an increase of circulating T.S.H. in rats.— 
J.R.M. 


Hertz, A., anD A. Roperts. Radioactive iodine in the study of thyroid 
physiology. VII. The use of radioactive iodine therapy in Graves’ disease. 
West. J. Surg., 54: 474-486 (1946). 


Cure of thyrotoxicosis in 80% of a series of 29 patients given 5-25 millicuries of 
radioactive iodine (I 130) followed by ordinary iodine for a period of two to four months 
is reported.—J.M. 


Higarns, G. M., anv O. R. Jonsson. Effect of graded doses of thyroxin on 
experimental goiters, induced by promizole. Am. J. M. Sc. 212: 294 
(1946). 


Promizole, a sulfone shown to exert a favorable influence on experimental tuberculo- 
sis, is likewise goitrogenic. The thyroid hyperplasia observed in animals given promizole 
could not be prevented by giving large amounts of iodine but was completely controlled 
by giving thyroxin. Furthermore, the hyperplasia of the thyroid gland did not occur in 
animals, previously hypophysectomized, when given the goitrogen. This report covers 
the results of a study undertaken to determine the amount of thyroxin necessary to- 
prevent the changes of the thyroid gland which promizole will induce in animals. The 
authors summarize their results and conclusions as follows. ‘“‘1) The administration of 
d,l-thyroxin, in amounts ranging from 1 to 10 yg. daily, to young rats during a period of 
28 days, while they were fed a diet containing the goitrogen, promizole, at a level of 
0.5%, did not inhibit the usual untoward effects which promizole normally exerts on the 
growth, appearance and appetite of immature animals. 2) As hitherto shown, promizole 
depressed thyroid activity. In this experiment the average metabolic rate of animals 
given promizole in their diet for 28 days was lowered 19.7% from that recorded for the 
normal control group. Two ug. of d, 1-thyroxin daily increased the average rate 10.4% 
above that of the control group which received promizole alone, while 4 ug. maintained 
an average oxygen consumption equal to that recorded for the animals which did not 
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receive either thyroxin or promizole. 3) Promizole exerts a thyroid-stimulating influence 
through the pituitary gland, which, in this experiment, resulted in the development of 
goiters weighing more than 3 times the average weight of the thyroid gland in control 
animals. The administration of 1 ug. of d,l-thyroxin daily resulted in the development 
of goiters which were but slightly less than twice the normal size, while 2 wg. daily re- 
sulted in maintaining thyroid glands of normal weights. 4) The heights of the thyroid 
acinar cells were maintained at normal or less than normal levels by giving 2 ug. of d,1- 
thyroxin daily. Without any supplemental thyroxin, the average acinar cell height was 
more than twice that of the normal gland, while 1 yg. of thyroxin was adequate to main- 
tain an average cell height considerably less than twice that of the normal thyroid 
gland. 5) The changes observed in the colloid of thyroid acini which were induced by 
promizole were partially prevented by 1 ug. of thyroxin per day and were completely 
nullified by giving 2 ug. daily. 6) Promizole appears to exert its goiter stimulating effect 
by preventing the synthesis of thyroxin by the thyroid cell, thereby permitting an in- 
creased elaboration of thyroid stimulating hormone by the anterior lobe. By the admin- 
inistration of small amounts of thyroxin daily during the time the goitrogen was pro- 
vided, thereby maintaining adequate blood levels of thyroxin, normal thyroid glands 
were maintained.” —E.C.R., Jr. 


LaHEY, Franx H. Surgery of the thyroid gland. New England J. Med. 236: 
46 (1947). 


The paper is a review of Dr. Lahey’s thirty years experience with the surgery of the 
thyroid gland. Some of the newer developments and the less-frequent complications of 
thyroid disease are discussed. After considering the difficulties arising in pre-operative 
preparation of the patient with thiouracil, a plan using thiouracil followed by iodine is 
described which obtains the desirable effects of both drugs. Data are presented on the 
value of thyroidectomy in thyrocardiac disease. The problem of exophthalmos is con- 
sidered, and an operation for intractable exophthalmos involving orbital decompression 
is described. The complications of recurrent-nerve paralysis and destruction of para- 
thyroid glands are considered as well as the diagnosis and operative removal of intratho- 
racic goiters and carcinomas of the thyroid gland.—L.T.S. 


MoscucowiTz, E. Pathogenesis of cirrhosis of the liver occurring in 
patients with diffuse toxic goiter. Arch. Int. Med. 78: 497 (1946). 


This is a useful review of the subject, with a report on a total of 31 patients who 
died in the Mount Sinai Hospital between the years 1930 and 1944, from diffuse toxic 
goiter. In 10 of these cases a type of hepatic cirrhosis apparently pathognomonic of 
diffuse toxic goiter was found. The lesion is identical with that seen in chronic hepatic 
venous congestion and cardiac cirrhosis, but differs from the latter in that topographi- 
cally it is not around the central veins but in the interlobar septums, often encroaching 
on the lobule itself. In the early phases the areas of fibrosis can be traced to the terminal 
ramifications of the hepatic artery as it passes into the interlobular vascular septums. 
This artery and its ramifications represent a significant factor of the equalization of 
intravascular pressures between the hepatic artery and the portal vein within the liver. 
Apparently the lesion results from the increased velocity of blood flow, an invariable 
accompaniment of, and almost peculiar to, this disease in the early phases. This altered 
circulation renders the maintenance of the normal pressure relations between the 
hepatic artery and the portal vein difficult; eventually decompensation arises, with re- 
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sulting stasis in these areas, and the lesion begins as capillary congestion. In time, just 
as in chronic venous congestion of central origin, capillary sclerosis results, with eventual 
fibrosis. The cirrhosis is predominantly in the subcapsular zone of the liver. As in the or- 
dinary congestive liver, this is due to the resistance offered by the capsule of the liver. 
The cirrhosis arises only from the smaller subdivisions of the portal spaces, because the 
interlobular branches of the hepatic artery arise only from such spaces. The cirrhosis 
bears a definite but not absolute relation to the duration of the malady. Nevertheless, 
this cirrhosis is sometimes absent in persons who submit a history of apparent long dura- 
tion of the disease. This may be accounted for by the observation that chronic venous 
congestion is an exceedingly common sequence of long-standing diffuse toxic goiter, even 
in patients without cirrhosis, and that this venous congestion neutralizes the increased 
velocity of blood flow. This contribution should be studied in its entirety to be fully 
appreciated.—I B. 


Puanck, E. H. A comparison of the effectiveness of radiation therapy and 
estrogenic substances in the management of hyperthyroidism. South. 
M. J. 39(10): 794-799 (1946). 


The treatment of hyperthyroidism not associated with clinical enlargement of the 
thyroid with estrogens and x-ray was presented. Five milligrams of stilbestrol was ad- 
ministered intramuscularly once or twice weekly depending on the severity of the symp- 
toms. 1200-1600 r were administered in six divided doses over a period of three weeks to 
the patients who received x-ray therapy. A summary of the laboratory findings of 8 
patients in each group, before and after treatment, showed that both x-ray and estrogenic 
therapy caused some improvement as evidenced by decreased thyroid activity. Greater 
depression of thyroid activity was attained in two patients given combined estrogen and 
irradiation therapy. Massive doses of estrogens (no dose mentioned) given to an iodine- 
fast thyrotoxic patient 12 days before surgical intervention reduced the BMR from a 
plus 82 to a minus 32 and caused a corresponding decrease in pulse rate. No toxic ef- 
fects or changes in the female sex organs were observed after the administration of 
estrogens. It is suggested that further observations on the use of estrogenic substances 
in the treatment of hyperthyroidism should be recorded so that an evaluation of this 
therapeutic measure could be made.—H.S.K. 


Puppet, I. D., C. P. LeBLonp, Ritey, anp G. M. Curtis. The 
clinical significance of the functional behavior of adenomas of the 
thyroid gland. J. Lab. & Clin. Med. 31(4): 484-485 (1946). 


Radio-iodine fractionation studies of pathologic thyroid tissue removed from seven 
patients indicated that the cells of all types of nodular or adenomatous thyroid tissue 
were functionally autonomous. They ‘consistently showed less avidity for iodine and 
produced less thyroxine and diiodotyrosine than the groups of thyroid cells in the sur- 
rounding thyroid tissue.”—T.J.McG. 


Reveno, W. S. Observations on the use of thiouracil. Ann. Int. Med. 25: 
822-831 (1946). 
From experience derived from the treatment of 70 patients with thiouracil, the author 


evaluates the drug as follows: (1) Thiouracil is effective in both toxic adenoma and toxic 
diffuse goiter, exerting its full action after an average of six weeks of administration. 
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Previous administration of iodine retards the action somewhat. (2) Permanent remission 
occurs in 18% of cases after stopping the drug. The relapse rate is highest in patients 
treated less than 18-26 weeks. At present the optimal period of treatment from the 
standpoint of inducing permanent remission is not known. (3) Toxic reactions occur 
in 18% of cases. Agranulocytosis has an incidence of 2.5% and a mortality rate of 10 
to 12%. (4) Thiouracil is today the most effective agent for inducing remission in 
thyrotoxicosis and is extremely useful in the preparation of patients for thyroidectomy. 
Impressions with which many investigators may not agree are: (1) Thiouracil is a valu- 
able treatment for hyperthyroidism induced by overdosage with thyroid substance and 
for acute thyroiditis. (2) Therapeutic tests with thiouracil ate a valuable diagnostic aid 
in borderline hyperthyroidism.—J.M. 


Sexton, D. L. Thiouracil. Clinical evaluation following two and one-half 
years’ experience. South. M. J. 39(11): 891-897 (1946). 


The author described his experiences with thiouracil in 44 patients, 36 of whom ex- 
hibited clinical hyperthyroidism. Thiouracil in doses not exceeding 0.6 grams per day 
resulted in improvement in 32 of the 36 hyperthyroid patients. Seven of the 44 patients 
developed reactions, six necessitating discontinuance of the drug. Reactions encountered 
were leucopenia without agranulocytosis, jaundice, purpura and alopecia. Thiouracil was 
found to be more advantageous than iodine in preoperative preparation of the hyper- 
thyroid patient since the effect of thiouracil was more lasting and the basal metabolic 
rate could be depressed below normal. Thiouracil, preoperatively, also reduced the 
necessity of two-stage operations and the incidence of postoperative thyroid storms. 
There was no refractoriness to thiouracil therapy. In one of 4 patients with diabetes and 
hyperthyroidism the diabetes was controlled when the hyperthyroidism was suppressed. 
Two pregnant women receiving thiouracil were carried to term without any untoward 
effect on either the mother or the fetus. Although remissions after thiouracil therapy 
have been reported the author advocated that further cases must be considered before 
medical treatment of hyperthyroidism with thiouracil can be substituted for the preva- 
lent operative procedures.—H.S.K. 


WILxins, L., AND W. FLEISCHMANN. Effects of thyroid on creatine metabo- 
lism with a discussion of the mechanism of storage and excretion of 
creatine bodies. J. Clin. Investigation 25(3) : 360-377 (1946). 


The authors have attempted a critical analysis of our knowledge of the relationship 
between the thyroid and creatine metabolism, adding observations of their own made 
in treated and untreated normal, hypogonadal, hyperthyroid and hypothyroid subjects. 
The following facts were stressed. In relation to the normal, the creatine output is in- 
creased in hyperthyroidism, and decreased in thyroid insufficiency; conditions are ex- 
actly reversed in the case of creatinine. Therefore creatinine plus creatine remains prac- 
tically a constant as we pass in any given instance from overfunction to underfunction 


_of the thyroid or vice versa. In rats, muscle creatine and phosphocreatine are decreased 


in hyperthyroidism and increased in hypothyroidism. In thyrotoxic patients treated with 
iodine or thiouracil, the rise in creatinine excretion is not as consistent as the fall in crea- 
tine output. The effects of the thyroid treatment of hypothyroidism fall into two phases. 
In the first of these, lasting about 30 days, total creatine plus total creatinine rises above 
the hypothyroid level. In the second period, the total excretion of these two substances 
is the same as prior to treatment, but the creatine excretion is increased with a con- 
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comitant decrease in the creatinine. This increase in creatine varies to some extent with 
the amount of thyroid given. The increase in creatine is attributed by the authors to a 
loss of muscle creatine, and the decrease in creatinine to a decrease in the conversion 
of creatine to creatinine. Testosterone propionate causes a decrease in the excretion 
of creatine and creatinine, probably due to the fact that the body needs increased 
amounts of creatine under such steroid stimulus. The increased creatine and creatinine 
excretion caused by methyltestosterone is believed to be due to the fact that this prep- 
aration in addition to increasing the need of the body for creatine also materially in- 
creases its formation. Following the withdrawal of therapy with either testosterone or 
methyl! testosterone, there is a temporary increase in the release of creatine in both in- 
stances. Thyroid deficiency does not prevent, or in any other way apparently interfere, 
with the formation and increased output of creatine produced by methyl testosterone. 
However, when methy] testosterone is discontinued in patients with hypothyroidism, in- 
stead of a temporary increase in the excretion of creatine there is an immediate some- 
times rather rapid drop in such excretion to the pretreatment level. This is apparently 
due to the fact that the hypothyroid patient retains creatine more tenaciously than the 
normal individual. In the light of all the experimental and clinical data, the authors 
discuss the synthesis of creatine, physiological factors such as age and nutritional state 
that influence its formation and excretion, and other questions in relation to thyroid and 
gonadal status as they affect and are influenced by creatine metabolism. In contrast to 
the lability of creatine excretion, are the relatively small changes in creatinine output 
in any given individual under a wide variety of conditions. In the opinion of the authors, 
“the creatinine output depends upon the total stores of creatine in the muscle which 
might be subject to variation rather than upon the muscle mass,” for in many instances, 
the change is greater than can be accounted for on the latter currently accepted theory. 
—T.H.McG. 


Wo.man, I. J. Basal metabolism in childhood: current progress. Am. J. 
M. Sc. 211: 733 (1946). 


The author gives a critical review of the major contributions on the more controversial 
aspects of the subject, and the interpretations offered, as expressed in the medical litera- 
ture in the past 5 years. The subjects discussed include: definition, method:, observa- 
tions (sleep; is preliminary training of the subject necessary?, infants, children of pre- 
school age, childhood period, adolescence, diagnosis of hypothyroidism, and influence of 
growth). He summarizes the review as follows. ‘‘Many tables for the resting oxygen con- 
sumption of normal children have been gathered to serve for the evaluation of the 
status of other individual children. These standards are expressed customarily in terms 
of units of age, or height, or weight, or surface area, or of several of these growth meas- 
ures in combination. Age is the least satisfactory as a direct basis of reference. There is 
no universal agreement as to whether height, or weight, or surface area, with or without 
reference to age, work out the best in actual practice. With children of average or normal 
body build any of the different types of standards seems to work well. But when the 
body build is atypical or distorted, as, for example, with obese children or dwarfs, the 
different standards give results which fail to conform one with another. The normal 
range for individual variation is greater in childhood than in adult life. One reason for 
this appears to be the growth impulse, which stimulates the metabolism to an as yet un- 
measured degree. Obviously, we must work out more fully the importance of growth. 
and of the thyroid gland, and of other controlling factors now only guessed at. Until then 
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the physiologic significance of basal metabolism measurements in childhood must re- 
main obscure and of little clinical value in the presence of prominent deviations from the 
patterns of most normal children.” —E.C.R., Jr. 


PARATHYROID 


Baker, B. L., anp J. H. Legx. The relationship of the parathyroid glands 
to the action of estrogen on bone. Am. J. Physiol. 147 (3) : 522-526 (1946). 


Fifty-two female rats of the Long-Evans strain, ranging in age from 32-90 days at 
the start of the experiment, were studied. Alpha-estradiol dipropionate in peanut oil was 
injected subcutaneously on alternate days for 20 days at the rate of 250 micrograms per 
injection in intact and parathyroidectomized rats. Studies of the estrogen-treated ani- 
mals showed that ‘“‘hyperossification” could be induced in the absence of the parathyroid 
glands. The authors concluded that even though the hypophysis is essential to this 
phenomenon, the parathyroids are unnecessary and, therefore, the secretion of a para- 
thyrotropic factor by the pituitary need not be postulated —F.N.A. 


Norris, E. H. Anatomical evidence of prenatal function of the human 
parathyroid glands. Anat. Rec. 96: 129-142 (1946). 


From a study of the parathyroids of 139 embryos, fetuses and newborns, the author 
concluded that the parathyroids of the fetus function during intra-uterine life. This 
conclusion was based on the occurrence of five cell types in the fetal parathyroid dif- 
ferentiated on the basis of size and density of the cytoplasm, on the similarity of these 
cells to those of post-natal life, the individuality of the growth rate of the fetal para- 
thyroid gland, and on the early histological differentiation of this organ. No details 
were given of the techniques which were employed.—B.L.B. 


Rogers, H. M., F. R. Keatine, Jr., C. G. Mortock, anp W. W. BarKER. 
Primary hypertrophy and hyperplasia of the parathyroid glands asso- 
ciated with duodenal ulcer. Arch. Int. Med.: 79: 307 (1947). 


In this patient, pronounced clear cell hyperplasia of the parathyroid glands and 
primary hyperparathyroidism were associated with healed duodenal ulcer. The patient 
was a white male aged 68 years, first seen at the Mayo Clinic in 1919 when posterior 
gastroenterostomy was performed because of duodenal ulcer. Death on October 5, 1945, 
resulted from renal insufficiency secondary to nephrocalcinosis. Peripheral gangrene 
had developed as a terminal event. The parathyroid glands weighed 47.56 Gm. Pan- 
creatic lithiasis and mild osteitis fibrosa cystica were also disclosed at necropsy. An 
unusual type of necrosis of arterial walls, with intimal calcification, appeared responsible 
for gangrene of the peripheral parts. Gastrointestinal symptoms, which were presumed 
during life to be due entirely to ulcer, appeared in retrospect to have been manifesta- 
tions of severe hyperparathyroidism.—I.B. 


ADRENAL 
JaupDOoN, J. C. Addison’s disease in children—(critical review). J. Pediat. 
28: 737 (1946). 


The author has collected reports of 100 cases of Addison’s disease in children under 
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15 years of age. He lists 62 cases as proven, 23 as probable and 15 as doubtful. A case 
classified as proven satisfied the following criteria: ‘evidence either of characteristic 
blood chemical changes, obvious improvement following adequate therapy over a long 
period, or autopsy findings demonstrating inadequacy of adrenal cortical tissue.”’ Of 
these 62 proven cases the etiology was tuberculosis,in 53 (86.9 per cent.) with bilateral 
involvement in 50, atrophy of both glands without evidence of tuberculosis in 5 (8 per 
cent.), and adrenal cortical hyperplasia with macrogenitosomia in 3 (4.8 per cent.). 
Six cases were. still alive at the time of the report, and in two of these Addison’s disease 
was thought to result from tuberculosis, in two others from adrenal cortical atrophy, 
and in the others from adrenal cortical hyperplasia. The age at the onset of symptoms 
was under 2 years in 3 (4.9 per cent.), from 2 to 5 years in 3 (4.9 per cent.), from 5 
to 10 years in 7 (11.5 per cent.), and from 10 to 15 years in 48 (78.7 per cent.). The 
youngest child on record developed symptoms at 8 days of age and was diagnosed at 3 
weeks of age; this patient is still alive and doing well on desoxycorticosterone in propylene 
glycol (3 drops five to six times a day sublingually). The first case below 15 years of age 
was reported by Ogle in 1856, seven years after Addison’s original description. It is 
concluded that Addison’s disease should be considered to be a clinical and not a patho- 
logical entity which includes any process which directly or indirectly destroys the adrenal 
cortex sufficiently to produce the signs and symptoms described by Addison. The diag- 
nosis is rendered difficult in some cases by the presence of hyperplasia of the androgenic 
zone of the adrenal cortex. Therapy in children with Addison’s disease is mentioned 


briefly. —E.C.R., Jr. 


OVARIES 
Bourne, AuEcK. Endocrines in gynecology. Brit. M. J., 1: 79 (1947). 


The author discusses the difficulties in the clinical use of hormones associated with the 
female gonadal cycle. Emphasis is laid on the need for more carefully controlled clinical 
research and the need for better assay methods for blood and urine. Quantitative 
studies on the relations between emotional state and secretion of the pituitary hormone 
as well as the relation of nutrition to endocrine activity were suggested.—L.T.S. 


Farris, E. J. The time of ovulation in the monkey. Anat. Rec. 95: 337-345 

(1946). 

The injection of post-ovulatory urine of women nd monkeys into immature rats 
has been found to cause a hyperemia of the ovaries. In seven monkeys in which the 
test was positive for five successive days, ovulation was confirmed by laparotomy; in four 
monkeys in which the test was negative, absence of ovulation was demonstrated by 
laparotomy or bimanual exam ination.—B.L.B. 


